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PREFACE

This work was sponsored by the Office of Technology Utilization of the
National Aeronautics and Space Administration through Contract No, NAS 7-100,

This document is one of two principal systems specifications docu-
ments to be generated by the LUMIS program, While this document addresses
the problem of data base interrogation, the ol:her1 presents software and

procedures involved in data base construction using the census DIME file and

point-in-polygon architectures,

1Bryant, N,, Paul, C, K,, Landini, A,J,, Bannester, R, W., and Logan, T.,
LUMIS Land Use Management and Information Systems Coordinate Oriented

Program Documentation, SP 43-33, Jet Propulsion Laboratory, Pasadena,
California (to be published),
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ABSTRACT

The LUMIS program has designed an integrated geographic information
system to assist program managers and planniig groups in metropolitan
regions, Described is the system designed to interactively interrogate a data
base, display graphically a portion of the region enclosed in the data base, and
periorm cross-tabulations of variables within each city block, block group, or
census tract, The System is designed to interface with U, S. Census DIME

file technology, but can accept alternative districting conventions.

The System is described on three levels: (1) introduction to the
System's concept and potential applications, (2) the method of operating the
System on an interactive terminal, and (3) a detailed system specification for

computer facility personnel.

viii



PART I

INTRODUCTION

1.0 BACKGROUND

The Land Use Management Information System (LUMIS) was developed
by the Jet Propulsion Laboratory (JPL) in cooperation with the Los Angeles City
Planning Department for the City portion of the Santa Monica Mountains and with‘
the City of Tacoma Plann:ing Department. LUMIS incorporates data developed
from maps and aerial photos as well as traditional land based data associated

with routine city and county record keeping activities and traditional census data.

To achieve the merging of natural resource data with governmental
data, LUMIS was designed in accordance with restrictions associated with other
land use information systems currently being constructed by Los Angeles and
Tacoma city staffs. The city systems are based on geographical and environ-
mental data and utilize U, S, Census Bureau DIME file technology. They
incorporate numerous local, regional, and Federal data files at the first level

of urban geographic aggregation -~ the individual census block.

In its interactive mode, LUMIS uses a graphics terminal to display
urban street networks, Users can query their data bases and display numerical
data values for each of the city blocks shown on the TV-like screen. The inter-
active system is most efficient at producing special purpose maps for areas
consisting of up to one tract at the block level, and correspondingly larger art;.as
at the block group and tract levels. The data base generally consists of block
level census'data and data digitized from maps and photographs, Census Bureau
DIME files provide the basic street network information and a means of aggre-

gating local government data to the block level,

In using LUMIS, urban planners are confronted with a series of "plain
English" instructions and commands that guide thém through the System. In
this sense the interactive graphics portion of LUMIS is self-teaching for users.
LUMIS provides commands for study area selection, geographical detail sipeci—

fication, street network mapping, data selection, and data mapping.
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LUMIS was developed in such a manner as to make it transferable to
the over 200 major cities in the United States having DIME files. As DIME
technology becomes more widely accepted internationally, it is likely that

LUMIS will also find its share of overseas users.

An objective of the LUMIS task was to demonstrate the potential of
interactive computer graphics to urban users to illustrate the value of an
advanced LUMIS operating system., For the first time, it is possible for an
analyst to create special purpose maps from selected parts of a metropolis,

and incorporate the product in a variety of planning activities,

The interactive graphics system basically takes as input, digitized
block boundaries and map polygons. The graphics routines display the digi-
tized block polygons in map form and the sociceconomic data in numeric form
at the polygon or block centroids, The block boundary map file may be gen-
erated by manual digitization or, in most cases, by applying a series of
programs, to generate a file from the U.5. Census DIME file for that city.
The block boundary map file (picture file) interfaces directly with the Third
Count Block Census file tapes, and the user has the option available to merge
other data sets aggregated at the block level and encoded in the census block,

block group, and tract designations,

To date, the interactive graphics system as maintained for the City
of Los Angeles encompasses one hundred and seventy-three socioeconomic
dataritems regarding population, housing, "and land use for six census tracts
having approximately two hundred census blocks .in Woodland Hills, California.
The socioeconomic data items were obtained by merging the Third Count
U.S, Census tapes and the Los Angeles County Assessor Secured File for these
six tracts. The City of Tacoma graphics system consists of 55 variables from
the 1970 Block .Census and will include an additional 70 to 100 variables from

the Tacoma Land Use and Building Structure files,

The LUMIS Interactive Graphics Terminal is a Tektronix 4013/4015
utilizing the APL programming language for graphics-representation of"geb— :
graphic and tabular data. APL functions have also been written which permit

the planner to converse with the computer in English language statements.
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2.0 CONCEPTS

* The Land Use Management Information System was designed to have
two modes of output. The first of‘these is the traditicnal computer printer-
paper formatted output. On these traditional reports the land referenced
act1v1ty data would be a series of columns across the page. Each column
Would be headed with such titles as residential land use and the absolute acreage
of that land use; its proportion would be stated as a percentage of the fotal land
area in the reference polygon. Each row in the LUMIS report would be unique
for one of the reference polygons that comprised the geographical subdivisions
of the entire study area for which the the LUMIS had been institui’:ed-. All
columns for each row in a LUMIS report would total the complete area for the

reference polygon, or 100%.

The second LUMIS mode involves interactive graphics. In addition to
the data retrieval powers of the LUMIS traditional reporting system, the inter-
active graphics mode provides the user with a rudimentary but planimetrically
correct streetwork map of the area for which georeferenced data was requested.
LUMIS interactive graphics were developed to provide spatially oriented data
users with the ability to "see where the data they had requested was located'.
While the geographic display of data is often times deemed trivial by the non-
spatially oriented researcher, he soon learns to respect the power of doing it

automatically after completing his first map coloring exercise.

In designing the LUMIS interactive graphics and traditional reporting
system serious considerations had to be given to the size and type of geographic
unit the data was to be reported for. It was obvious to the LUMIS design staff
that until now remote sensing had played a less than optimum role in planning
urban centers and that its potential to monitor urban aynamics had not been

fully exploited.

In pursuing the LUMIS de51gn it was learned that the proces sing of
imagery, either by 1nterpretat10n of aerial photos or machine processing of
digital 1magery, was expenswe by any municipal government's budgetary con-
siderations. It was also learned that remote sensing alone could not gather all
the information that urban researchers associated with land use data in any
way let alone a cost effective one, Sociceconomic and demographic character-

istics such as rent rates or age of families could not be supplied by interpreted
imagery at any scale.
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Thus the LUMIS designers had to consider the types of data that urban
planners and researchers needed and used., What was learned is that some
types of data were best gathered through the use of traditional field methods
such as the decennial census or the processing of routine administrative

records from building, assessor and welfare offices,

LUMIS then was developed giving considerations to the cost/benefit
comparisons between remote sensing and traditional ground survey of land use
and sociceconomic measures. These were weighed against a third dimension
of resolution and scale and the question asked, ''At what level of geographic
detail can the cost ratio of obtaining data from remote sensing be held to a

minimum when compared to ground survey data collection, "'

Another way of looking at the cost question was to first understand
that for more detail an aircraft must fly at a lower altitude., When flown at
a lower altitude the aircraft must make more passes to cover a given study
area. When the aircraft is flown lower and longer the associated costs go up.
The LUMIS designers had to consider what they believed was the optimum
scale of photography or the altitude the aircraft was to be flown at to produce
photos for the LUMIS,

L'}

To make this decision they investigated the needs and uses of data by
urban planners and researchers both as to type of data and the level of geo-
graphic detail at which it was used. They found that remote sensing would not
answer all data needs and that beyond a certain level of detail it was not cost
effective to use aerial imagery and that in fact extreme low altitude or large '
scale imagery produced data that was redundant or superfluous to that collected

through routine administrative procedures.

The LUMIS design task posed the additional problem of having to over-
come the format in which the raw or processed image data was traditionally
presented. Urban planners and decision makers think of their areas as a
hierarchy of politically well defined geographic units most often in the shape
irregular polygons, These users could not incorporate data reported by large
abstract grid cells or mapped irregular geophysical polygons easily into their

information using processes,
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This meant that LLUMIS had to report its data by some geographic unit
commonly recognized by the urban user and that this geographic unit must also
represent that point in the geographic hierarchy at which image based data
could most cost effectively be merged with field survey or administrative
re'c:ord base data. To determine at which point in the political geographic
hierarchy LUMIS should intersect for data capture one such hierarchy was

studied in detail.
3.0 LOS ANGELES'S GEOGRAPHICAL HIERARCHY

3.1 Parcel Level Information System (LUPAMS)

The City of Los Angeles had developed a parcel level information
system, It was named the Land Use Planning and Management System
(LUPAMS). The basic record for that system was the individual land owner-
ship parcel. There were approximately 700,000 such parcels in the City,
The basic data in that system was collected by the Los Angeles County
Assessor as part of his property assessment activities.

To the basic Assessor data, City Planning staff added parcel area by
physically planimetering each parcel's mapped outline, and census block and
census tract geocodes. That geocoding activity was also a manual one in
which map correspondence was determined between Assessor maps and Census
maps. The required census codes were then transferred to the Assessor maps
and, in a second step, coded for addition to the basic Assessor file, When the
addition of parcel area and census geocodes-tothe Accessor file was completed
the resulting file was referred to as the LUPAMS file. That file is processed
by City users in two ways. Copies of the file's data for each parcel are placed
on microfiche and made available to requesting Departments, The LUPAMS
data was also maintained in machine readable form (13 computer tapes) and
accessed via ASI-ST a file management proprietary software package.

Even at this basic level in the exemplary hierarchy there existed some
confusion as to identifying the basic geographical reference unit, The two
smallest geographic units found were the lot and parcel, These existed in
parallel but referred to slightly different units of land, Parcel denoted a
primary ownership unit while a lot was the basic survey unit in a fract within
a subdivision. It was possible for one ownership parcel to consist of one or

more subdivision lots or fractions thereof.

Parcel identification was how the County Assessor geocoded or

geographically identified the physical location of owned properfies. This
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system was tied to a set of map books cartographically describing the entire
County. Each ownership unit was assigned a map book, page and parcel

number. There are approximately 800,000 parcels-in the City of Los Angeles.

) Overlayin.g both the lot, block and tract system of the City Engineer
as well as the book, page and parcel system of the County Assessor was the
City's network of streets and highways. .Upon investigation it was estimated
that over 95% of the lots or parcels within the City conformed to the City's
street system. That is, that with rare exception, lots or parcels did not
cross streets and were complete land units within a larger unit (the city block)

described by the street system itself,

3.2 Block Level Information System (Geo-BEDS/LUMIS)

Geo-BEDS and LUMIS are both block level geographical information
reporting systems: That is to say that all geographically referenced data
contained in these systems .are reported as units or percent of units for each
individual city block, Geo-BEDS stands for Geogr aphically Based Environ-
mental Data System, and LUMIS stands for Land Use Management Information
System. The city blocks used in both systems are those that were identified
and‘assigned individual numbers (geocodes) by the U.S. Bureau of the Census,

for the 1970 census.

As mentioned earlier, each parcel record in the LUPAMS was
assigned the census block number in which it was located. Thus both Geo-
BEDS and LUMIS had as their basic data input aggregated County Assessor
information. In addition Geo-BEDS and LUMIS contained third count census

block level population and housing data.

The coﬁcepts behind Geo-BEDS and LUMIS represent the merging
and blending of politically referenced and coordinate referenced data types
into a uniform system., Geo-BEDS was originally conceived to be a nominal
or politically referenced geographic data information system. It was to only-
contain data aggregated through address matching procedures to the individual
city block. Geographic access to the System is through a census map reference’
atlas that has paginal conformation to the City's official cadastral mapping
system, Geo-BEDS data processing Waé sequential file oriented and was to be

done through standardized ASI-ST procedures. In this system there are
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23,000 records one for each city block. Coordinates were planned to be added

to this file for purposes of computer mapping and point and polygon routines,

but nét for data collection procedures.

LUMIS was devised as an ordinal coordinate referenced system that
would allow natural resource or physical geographical data coming from maps
and aerial photographs to be aggr tagated or reported by coordinately defined
geographic units, LUMIS was instituilsed on a test basis for the City and it was

decided to report data from aerial photographs as units or aggregates for indi-
vidual city blocks. '

The LUMIS incorporates traditional low altitude photo interpretation,
map model construction, and coordinate digitizing procedures. In the test
instance the major polygon to which data was aggregated was the individual
city block as specified in Geo-BEDS, and the minor or overlayed polygons: were
the photo interpreted map models, Both major and minor polygons were com-
puter overlayed and statistics indicating incidence of intersection between
major and minor polygons were reported. Because the major polygons were
defined b:y the existing street network their digitizing made possible the
development of interactive graphic LUMIS software that would portray indi-
vidual city blocks on a cathode ray tube terminal, The LUMIS and Geo-BEDS
data bases allowed users of the interactive graphics LUMIS to make "“instant"
work maps suitable for inclusion in certain types of reports or to be used as
rough draft instruments for professional cartographers. LUMIS interactive
graphics opened the door for planners to wse both nominal and ordinal data in

a real time simulation mode.
3.3 Census Tract Level Information System (SUM)

The Scientific Urban Matrix (SUM) was developed by the Los Angeles
Community j-;:.nalysis Bureau (CAB) and utilizes the census tract as its geo-
gra;phic reporting unit; the final element in our geographical hierarchy. The
basic charge of the CAB was to define, identify and locate urban blight in
Los Angeles. To that end they produced the first operating automated geo-

graphical reporting system, That system was assigned the acronym of SUM
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and its ddta base consisted of records for the 741 census tracts in the City,
For each tract over 300 data items were collected through a variety of pro-

cedures and those itfemns were made available to all City agencies.

SUM pointed out dramatically how costs of data collection, storage
and manipulation went down as the need for exacting geographic specificity
lessened, This system also illustrated the minimum level of detail at which
geographic data can prove uséful for urban planning purposes. Although
parcel, block, and even tract data may be aggregated further upward, the

raw data from which those aggregations are made can be no more gross than

the individual census tract,

4,0 PLANNING ACTIVITIES UTILIZING LAND USE DATA

- Any nhumber of taxonomies can be constructed that describe the vari-
ous operations of an urban planning agency., These can be narrowed somewhat
by limiting them to ones that directly involve large area land use data. For
sake of brevity we have further restricted our classification of planning activ-
ities to those primary urban studies that act as baseline data that can be
incorporated in LUMIS and be used in background reports for actual plans.,

In our taxonomy there are four major groups of operations: 1) population
stuc:iies, 2) housing studie‘s, 3) economic studies, and 4) studies of social
conditions, We will briefly review these to provide a frame of reference for

LUMIS users to incorporate interactive graphics in their planning activities.

4.1 Population Studies

Planning agencies are concerned with two major types of population
studies. These are population estimates and population projections or fore-
casts, KEstimates are a best ''guess' of the actual number of people now
residing within a given area, while projections are a forecast or statement of
the future number of people expected to be living in that.same area, In one
sense population estimates are considered as a type of census update. They °
usually contain data about the numbers and types of dwelling units in an area
as well as the population, There are a wide variety of population and housing
estimation methodologies. The ones used are usually selected because of data

availability constraints facing the agency making the estimate. In practice
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these estimates are made to serve as baseline data for other planning groups
wishing to monitor either the relationship of population to land use as expressed
in terms of housing, traffic, waste water-sewers, or population to social pro-
grams such as those associated with schools, police, fire. In both cases
geographic location of the estimated population is critical. For Los Angeles
the estimated population and housing numbers are reported-each year for each
of its 741 census tracts, With the implementation of LUMIS the reporting of

those estimates for the 23,000 census blocks now becomes possible,

Population projections are geherally made using some variety or
modification of a cohort survival model. In making these projections the final
numbers are extremely sensitive to birth and death rates. Yet these rates are
not the most controversial aspect of population projections., Experts making
local population projections most usually disagree on the expected numbers of

population migrating into and out of an area.

Trend analysis of land use changes could be an important tool in pro-
jecting population migration. Again as with the population estimation numbers
Los Angeles reports its population projection numbers at the census tract level

of geographic specifi‘city.

In both the population estimation and projection processes, urban land
use data annually reported by acres within census polygoné would be immeas-
urably beneficial, Population estimators could universally report housing unit
estimates by type and location, This could be done by monitoring changes in
land use acreages annually and field checking density acreage relationships for
new areas, It is anticipated in the future that population projectors could
utilize satellite time series information for each census polygon to determine
how land use in that polygon has changed. That data coupled with housing unit
vacancy estimations could provide clear insight to urban population migration

patterns.

4.2 Housing Studies

We have seen that the counting, estimating and projecting of population
is tied directly with similar activities regarding housing. While demographic
researchers are seeking to develop techniques for estimating and projecting

age, race, and sex distributions and locating them geographically, housing
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researchers are seeking to identify housing quality and urban blight and locate

those phenomenon geographically,

Annual reporting of urban land use categories by acres, and by census
areas will aid housing researchers in routinely specifying '"where'! in the city
various types of residential structures can be found, such types as single family
dwellings, two story apartments, and multistory apartments. Interpreted
aerial photo data also seems to hold out the p_r.omise to be able to geographi-
cally clalssify the location of these areas as ""sound" or "unsound', "good" or.
'"bad quality", and "blighted'" or "nonblighted'. More importantly aerial photog-
raphy would provide a reliable early warning dévice through time series
monitoring to identify geographical areas going through critical nei,;zhbofhood

change,

. - Specifically housing planners need to know.a variety of things about-,
the existing housing s-tock. They need to know where it is located by type and
quality, how many people live in each quality and structure type, how fast each
quality and structure type is being removed fro.rn the housing inventory and how

fast it is being replaced.

In Lios Angeles these questions are not being answered directly, but
rather through a series of approximations, Skillful incorporation of photo
based data into analytical systems such as LUMIS could provide a great deal
more reliable information than is currently available regarding housing num-
bers and quality and in a manner that would allow Federal agenc{es to have a

more complete and uniform housing "picture" of any given urban area.

4,3 Socioceconomic Studies

Urban planners are concerned with three states of geographical being.
These are simila:r‘ to those commuonly .dealt with, each day by all of us and known
as the past, present, and future states of time. The planner's states of being -
are existing land use (what is currently on the land), existing zoning (what can
currently be placed on the land — under law), and planned land use (what
advisory agencies believe to be the best and highest use of the land). We have
seen that estimated and projectéc-i- numbers of populatiori and housirfg are criti-
cal tools for urban planning and that they rely on current or historigal land use

data or surrogates,



But urban plans deal with more than geographically locating numbers
of people in a variety of housing types. Those plans consider where people
work and shoi), the things they buy and make and the routes they travel. Plans
go farther than just providing a framework for efficient urban development.
They also consider the more humane aspects of living, its joys and fears.
Plans locate parks, hospitals, firehouses, and jails, The{r consider income

as well as basic human rights in designing a variety of lifestyles.

All of these considerations are ultimately ;axpressed by planners in
maps or map-like diagrams for each c'>f the three states of geographical being.
Just as historical research forms the basis of much of man's aspirations and
goals for the future, maps of existing land use are the single critical tool upon
which planners lean most heavily in drawing their future plans, . It is easy to
see the circular nature of how existing land use largely determines future plans
and how those plans influence future land use, The careful and systematic
monitoring of changing land use is all important if the plans are to reach °

fruition,

Considerable effort and expense is encountered by municipalities in
making, implementing and monitoring city-wide land use plans. Reams of
statistical data are gathered and impressive computer systems constructed,
But these important tools would be considerably more effective if they could
be quickly reduced to maps of existing land use, existing zoning and planned

land use. Instant hard-copy maps of LUMIS data are just such a tcol.

Earlier we discussed nominal and ordinal Systems. Digital image
data interpretation is clearly an ordinal system. Zoning classification of
ownersiﬂp parcels is clearly a nominal one. The power of each of these two
system types is brought into play when data maps of existing land use and
existing land zoning with census boundary overlays are placed side by side

annually and compared to an existing land use plan.
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PART II

THE OPERATING INSTRUCTIONS

All users of the LUMIS interactive graphics system will have to
prepare their own basic set of instructions that will direct {Jsers in '"how to
turn the machine on, " and '"how to get the LUMIS up. " It is suggested that
these basic instructions be placed permanently at the terminal itself, A
sample instruction sheet as those used by the City of Los Angeles is shown
in Fig., 2-1. ‘

Once the user has worked through the system initialization instructions
he may type the word "HELP," Fig. 2-2 illustrates the terminal response to

the "HELP" command by listing the various modules available to the user,

H

Each module may be accessed by its command statement. Fig. 2-3 illustrates
the kinds of response expected from technical queries under various modules

available to the user,

To aid beginning LUMIS users a series of illustrative problems have
been worked using the major system commands (see Figs., 2-4 through 2-11).
A single replication of each of these problems is usually sufficient to acquaint

the user with each of the modules.

On occasion the user may become overenthusiastic in his attempt to
derive maximum information from a particular application, with the result that
he may overload the work space in the computer. Each computer system has
its own limit, and its own error méssage notifies that the workspace is full, It
is advised that the user experiment with the system to see the limits of the
application, and adjust his operations accordingly (e.g.; making several maps

and piecing them together later).

Persons operating the system will also learn that much more econom-
ical processing can be achieved if they outlinie the steps to be taken prior to

sitting at the terminal, and bring along a metropolitan map and table 6f variable

descriptions;
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How tfo Initiate LUMIS Interactive Graphics System

1. Bottom Rear Panel Switch Settings
a. Baud Rate
1)  Transmit = 300
2) Receive = 300
b. Duplex
1) Full duplex local copy
c. Carriage Return
1} LF (ine feed)
2. Set Kéyboqrd Switches to ,
LINE and APL
3. Turn Power Switch On (below keyboard on front panel)

4. Make sure.signal cable is connected fo general design data transceiver from
terminal .

5. Push talk buiton on grey "Data-phone" and dial the computer installation connect
number {(X=XXX=XXX=XXXX).

6. Upon hearing the high—pitched "data~fone in the “Data-phone™ push the "originate"
button on the General Design Data Transceiver and place the "Data=-phone" receiver
in the appropriate transceiver couplings. T

7. Press carriage return.

[Follow the sign-on procedure outlined by the computer service company being used.]

T

Fig, 2-1, Sample instructions
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HELP
ITPE_IHIS  IQ_DQ_THIS

CoSsT DISPLAY YOUR CHARGES FOR USE OF THE COMPUTER
SINCE YOU SIGNED ON TO THE APL SYSTEM.

DISPLAY  SELECT AREAS AND DATA, AND DISPLAY THEM.
CENTROID ~ CORRECT THE CENTROID IN THE INDEX FILES.
EDIT - CORRECT THE COORDINATES IN THE PICTURE FILES.
RESET CLEAR ANALYSIS REGION.

“CLEAR UNKNOWN ERROR CONDITION AND RESTART.

"'HELP' IN THE WORK SPACE 'PROCESS'

HELP
IYPE_THIS . IQ_DQ_THIS

BLDIDX CREATE INDEX FILES 31,32,33.
BLDPIC CREATE PICTURE FILES 21,22,23,24,
BLDTAB CREATE TABULAR FILES 11,12,13.

'HELP! IN THE WORK SPACE 'FILE"

Fig, 2-2. HELP
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Question

Tract Number{s) ?

Group Number(s)?

Block Level?

Data?

Title?
OK?

What?

CR : carriage refurn

Fig. 2-3.

Answer

%8 2%
O |2 A
) I?U

Z< ©
o8 B

l|

+
U;U
AN
&

'l

o9
o |

)]
~

|

O_
B B

.I(;g‘|n
-

AOO» Z<<
0
A

[Aa]e]

-~

2-4

Response

Tract 1234 is selected.
Previous tract is selected again.
Display is ferminated.

Group 100 is selected.
Previous tract is selected again.
Display is terminated.

Block level data is displayed,
Block level data is noi included.

Data number 1 is selected.

Sum of data number 1 and 245 is
displayed. The valid operators
are: +, -, xand +.

Previous data is displayed.
Census Bureau ldentification
numbers are displayed.
Display is terminated.

Any number of characters to be
displayed as the title of display.

Cause to pass the area displayed.
Cause to start edif.

Add segment,
Delete segment,
End of edit.

Replace segment,

Questions and answers



DISPLAY
GPHPHIC TERMINAL?

}
HnP?

Y

NEN AREA?

v

%.EUEL?

TRACT NUMBER(S)?
607,612,613
DATA?

NEWw SUALE IS 168.4 FEET/INCH
NEW LOWER LEFT CORNER IS:
1506441 FEET FAST By

702413 FEET NORTH.

PRESS RETURN KEY T0 CONTINUE

TRACTs 687 612 613,
CENSUS BUREAU ID

-

2593.1 FEET

687

613

Fig., 2-4. Multiple tract display at tract level
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NEIl AREA?
LEVEL?

G

TRACT AND GROUP NUMBERS?
1: 612,ALL

2: 613,4LL

DATA?

I

NEH SCALE IS 117.4 FEET/INCH
NEW LOWER LEFT CORNER IS:
1507664 FEET EAST BY

702413 FEET NORTH. L .
PRESS RETURN KEY TO CONTINUE

TRACT GROUPS ]
612 100 200 300 400 S00 600
613 100 200 308 400 500

CENSUS BUREAU ID

| S
© 1808 FEET
|
500 600 100
_ |
400 300 200

Fig. 2-5. Multiple tract display at block group level
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NEH AREA?
¥

LEVEL?

G

TRACT AND GROUP NUMBERS?
%5 613,ALL

DRTA?

D1+p2

HAXIMUM IS 191.

MININUN IS 81

TITLE? :

OHNED HOUSE AND RENTED HOUSE

NEN SCAHLE IS 117.4 FEET/INCH.
NEW LOWEP LEFT CORNER IS:
1512120 FEET EAST BY

702413 FEET NORTH,

PRESS RETURN KEY To CONTINUE

TRACT GROUPS
613 100 200 300 400 S0

OWNED HOUSE AND RENTED. HOUSE

1808 FEET

Fig, 2-6, Single tract display at block group level

ORIy .
Op pooﬁ%ﬁﬁg =



NEN RREA?
)

LEUVEL?

B

TRACT AND GROUP NUMBERS?
é’ 612,ALL

DATA?

Di+p2

NAXINUN IS 19

MINIHUM IS 0

TITLE? )

ONNED HOUSE AND RENTED HOUSE

NEW SCALE IS 117.4 FEET.INCH

NEW LONER LEFT CORNER IS:
912120 FEET EAST BY

702413 FEET NORTH,

PRESS PETURN KEY TO CONTINUE

TRACT GROUPS
613 100 200 308 400 Soo

OHNED HOUSE AND RENTED, HOUSE

2
s\ 4
15365
4\ 9] 7
1434357
21 8} 9% .
g|7]8 :
5151 3
6 > 3 L
1361543 1808 FEET
4
: T34l 414
1] 3| 3| 4} °
1] e s 5| o
15 11 1811
717

Fig, 2-7. Single tract display at block level
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NEW ARER?
v

LEVEL?

5

TRACT AND GROUP NUMBERS?
%3 613,200,400

DATA?

Di+D2

MAXIMUM IS 19

MINIMUM IS 1

TITLE?

OWNED HOUSE AND RENTED HOUSE

NEHW SCALE IS 82.3 FEET/INCH
NEW LOWEP LEFT CORNER IS:
1512120 FEET EAST BY

702413 FEETNORTH, °

PRESS PETURN KEY TO CONTINUE

TRACT GROUPS
613 200 400

OHNED HOUSE AND RENTED HOUSE

B
ORIGINAL PAGE

L

Fig. 2-8. Selected block groups of single tract displayed at block
level with crosstabulated variables
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NEW AREA?
I
LEVEL?

g

TRACT AND GROUP NUMBERS?

1t 612,100,200

2: 613,400,500

DATA?

D1+D2 _

MAXIMUH 15 131

MININUM IS 82

TITLE?

OWNED HOUSE AND RENTED HOUSE

NEHW SCALE IS 95.5 FEET/INCH
NEW LOHER LEFT CORNER IS:
1510607 FEET EAST BY

702412 FEET NURTH.

PRESS RETURN KEY TO CONTINUE

TPACT GROUPS
€12 100 200
613 400 500

OWNED HOUSE AND RENTED

94

7706 FEET

136 191

Fig, 2-9. Selected block groups from multiple tracts,
displaying group level data
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NEH AREART
¥
LEUEL?

B .
TRACT ARHD 5SROUP NUMBERS?
1: 612,100,200

gt 617,400,500

L

DATH?
Di+Dz

Ry Inuet IS
HININUH IS
TITLE?
UNNED HOUSE AND RENTED HOUSE

NEH SCALE IS 95.S FEET/INCH
NEHW LOJER LEFT CORNER IS:
1510607 FEET EAST BY

702412 FEET HORTH.

PRESS RETUPN KEY TO CONTINUE

TRACT GROUPS
612 100 200
613 400 S00

OHNED HOUSE aND RENTED

=1
L

[eal
| B
—
Lab
n
T

e

I

) . Tz —_ : :
gl = i3 I 1470.6 FEET
515 ~L1
41 41 4 (‘j
6] 14 13 4 11

’.‘ 15
14 3 13

T
Fig. 2-10. Selected block groups :from multiple tracts,

displaying block level data
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DISPLAY
GPAPHIC TERMINAL?
Y
MHP?

N

NEH AREA?
Y
LEVEL?

G

TRACT AND GROUP NUMBERS?

i: 612,ALL

%3 613:9LL

DATA?

D1+D2

MAXIMUM IS 191

MINIMUM IS 77

TITLE?

OWNED HOUSE AND RENTED HOUSE
PRESS_RETURN KEY TO CONTINUE

TRACT GRO?SBONNEH HOUSE AND RENTED HOUSE

612.0

612.0 200 130
612.0 300 91

612.0 400 77

612.0 500 105
612.0 600 88

613.0 100 83

613.0 - 200" 91

613.0 300 81

613.0 400 151
613.0. 500 82

NEN AREA?

Fig, 2-11. Tabular output of cross-tabulated data
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1.0

2.0

COMMANDS TO DISPLAY DATA

USER COMMAND

COPY PROCESS

costT

DISPLAY

HELP

RESET

SYSTEM RESPONSE

Copies the APL functions in the work space
process into an active APL workspace.

This workspace contains the functions called
by the LUMIS user to obtain maps and tables
of data items or algebraic combinations of
data items corresponding to selected tracts,
block groups or blocks in the LUMIS data-
base. A map or table may contain a mix-
ture of tracts, block groups and blocks.
These are simply referred to as areas under
analysis. Block groups are always called
groups. The PROCESS workspace also
contains functions called internally by the
functions called by the user.

The cost of using the computer since the
user signed-on is displayed.

This is the major command that the user
will have to use for a display purpose. The
user answers questions posted by the
functions to select areas and data for analy-

‘sis, The display is terminated when the

user answetrs with a Q when any one of the
questions is posted, See Fig. 2-4 for the
questions and answers,

See Fig, 2-2.
""Clears areas under analysis'" by initiating

certain vectors and variables in the work-
space describing these data.

COMMANDS TO CREATE DATA

USER COMMAND

_COPY FILE

ASSIGN

SYSTEM RESPONSE

Copies the APL functions in the work space
FILE into an active workspace. This work-

. sSpace contains the functions called by the

user to create/and update data files,

Assigns input data set name to an APL file
name fo which an APL function is accessible.
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USER COMMAND

BLDPIC

BLDTAB

BL.DIDX

CENTROID

EDIT

SYSTEM RESPONSE

Creates APL Picture Files 21, 22, 23, 24.
See Section 3 of Part IV Program Descrip-
tion for more details.

Creates APL Tabular Files 11, 12, 13.
See Section 3 of Part IV Program Descrip-
tion for more details.

Creates APL Index Files 31, 32, 33, Sece
Section 3 of Part IV Program Description
for more details,

This function is used when an error is
detected in the centroids of Index Iile which
is initially created by the function BLDIDX,

After defining exactly one block group of

block level data under analysis, this func-

tion first displays the map of the area then
allows one to identify each block., To identify
a block, move the crosshairs to the position
where the block's data value should be
printed, then press the space bar and return.
To quit before all are defined, type '"Q'.

After placing exactly one block group of
block level data under analysis, this func-
tion allows one to add, delete or replace
street segments., Type EDIT and follow

-the instructions on the screen. Block

boundaries are edited first and group
boundaries are edited next, When the
computer asks 'WHAT?', type as follows:

A to add — when the cross-hair appears
move it to a beginning position
of the segment you wish to add
and press the spacée bar first .
then return. Repeat as often
as needed, It requires a mini-
mum of two inputs: -from and
to positions. Type a Q and
return to terminate input.

D to delete — when computer asks 'NODE

NUMBER?' type one of the
numbers that are displayed

at each node, Continue the
same as many times as needed.
Type a Q to terminate,

R to replace— (Same as D above,)
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3.0 SAMPLE PROBLEMS

With the initial set of commands found listed under HELP most users”
will find sufficient computer power to meet theix data and mapping needs.
LUMIS is largely a self-teaching system, and persevering users will gain con-

siderable skill in use of the system without the aid of direct instruction,

To aid beginning LUMIS users a series of illustrative problems have
been worked using the major system commands. A single replication of each
of these problems is usually sufficient to acquaint the operator with each of

the modules.



PART III

SYSTEM SPECIFICATIONS

1.0 INTRODUCTION

The LUMIS interactive version (LUMIS-1V) is an on-line computer
software system which operates on a computer operating system supporting

APL and FORTRAN programming language.

The purpose of LUMIS-IV is to provide a dynamic method of retrieving
meaningful data and display them instantly on terminal in the form of map or

table through an on-line, interactive, computer operating system,

The LUMIS-IV Data Base Files are initially created by applying a
series of programs written in FORTRAN programming language taking as input
Third Count Summary Tape and Geographic Base File (DIME) of Bureau of the
Census. The user has the option available to merge other data sets aggregated
at the Block level and encoded in the Data Base File, If necessary, the user
can also provide digitized block boundaries and map polygons in the Data Base
File. Further manipulations of the Data Base Files as .well as the retrieval and
disl;lay of data on terminal are-performed by interactive functions (programs)

written in APL.,

LUMIS-IV has operated on several Time Sharing Operating Systems,
The system can operate on a variety of keyboard terminals in the tabular mode,

but was designed for graphical output on the Tectronics 4013 and 4015 terminals,
2,0 SYSTEM DESCRIPTION

2.1 Operating System

‘LUMIS-IV can be transferred onto any operating system that supports
APL and FORTRAN programming languages with a minimum conversion effort.
The software is programmed to call only basic APL and FORTRAN IV-G sub-
routines supported by IBM,



2.2 Terminal

Any terminal with standard APL character keys ma..y be used to operate
LUMIS-IV. However, a graphic terminal capable of displaying APL and ASCIL

characters is required in order to display area maps.

2.3 Languagé
LUMIS-IV programs are written in APL and FORTRAN IV. In order to

minimize conversion efforts of users from one system to another, only the
standard version or code of programming languages are used in LUMIS-IV, In
this particular version the CTS System Commands of Boeing Computer Sérvices

are used to control the operations of LUMIS TV,

2,4 API Work Space
LUMIS-IV consists of two work spaces; PROCESS and FILE,

1) Work space PROCESS contains functions to retrieve data, .manipu- -
late data and display data. The major functions stored in this work
space are: DISPLAY, AREA, DATA, MAP, TABLE,

" CENTROID, EDIT, COST, RESET.

2) Work space FILE contains functions to create files and update
files. The major functions stored in this space are: CRCENT
'CRIDX , CRPIC, CRTAB,

HIERARCHY OF APIL FUNCTIONS

MAIN SUB SUB SUB
CRCENT CONVC
CRCENT1 DFILE
CRCENT2
CRPIC CONVP
DFILE
CRTAB CONVT
CRTAB2 DFILE
CRIDX



HIERARCHY OF APL FUNCTIONS (continued)

MATIN SUB SUB 5UB

CR10
CRZ0
CR30
CR40
ERIO
ERZ20
" ER30
ER40
MESSAGE
CENTROID AREA
COST PREP
DISPLAY DATA ANS
: INIT TYPE
DIV
jin)
MAP BLK
CHAIN
GIN
GRAPH BLK
NODE
SCALE
MIN
AREA ANS
TABLE
TIEFILE TIELOQ
TIE20
TIE30
TIE40
EDIT AREA DECODE
RESET EDIT NODE
3.0 - PROGRAM DESCRIPTION (Note Fig. 3-0)
3.1 APL Programs to Display Data (Note Fig, 3-1)

3.1.1 DISPLAY, DISPLAY is the root function of Work Space PR!OCESS.
initializes global variables and monitors overall process of retrieving and d

playing data.



a3

TABULAR DATA SYSTEM

USER
DATA

SIS

TRACT
TAB
DATA

PREPROCESS
DATA *ILE

S

LDTAS
(APLY

GROUP
TAB
DATA

INDEX
TG

CENTROID
COORDINATE
SYSTEM

DACS

| ]

BLDIDX
(APL)

Y
@ FILE 32
@)
TO

INDEX

GROUP

THE DISPLAY
PROGRAMS
ARE:

START DISPLAY
QUTLINE
LOOCK

MAP

TABLE

FICTURE . :
DISPLAY
SYSTEM

" PREPROCESS

VERTEX FILE

l FILE 2 ' .

BLDPIC
(APL)

Mo

GROUP TRACT
PICTURE QUTLINE QUTLINE QUTLINE

FILE INDEX FILE INDEX FILE AND TRACT

OUTLINE _
// PICTURE

DATA
DISPLAY

Fig. 3-0.

‘/—’J\., TABLE

REPORT

LUMIS-IV Display Flow Diagram

PREPROCESS FILE

FILE CREATION

PICTURE FILES

DISPLAY PROGRAMS



- AREA
DATA
MAP TABLE

Fig. 3-1. Display Procedure

The Program reads Tract Number from File-30 and retains it as TIF

in the memory,

3.1.2 AREA. AREA defines the area to be displayed in terms of Tract,
Group and Block.

It generates the Tract Index TIX, Group Index GIX and Block Index BIX.

The user answers questions posed by this function to select areas for
analysis. He may call AREA immediately after RESET to initially place
areas under analysis. He may also call AREA later to place additional
areas under analysis. A reference map (Appendix A) is useful in determining

which pieces of census geography are desired for analysis,
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3.1.3 DATA, The user answers a question posed by this function to specify
one or more data items he would like to use in subsequent maps and tables.
DATA retrieves the data items for the areas under analysis from the files,

The data items are listed in Appendix IT,

3.1.4 MAP., After obtaining from the user a data items, this function draws a
i

street map of the areas under analysis on the terminal, then writes the value of
the data item for each area at a preselected point in the block (the point initially

selected at the block centexr).

3.1.5 TABLE. Similar to map except a table of the data item(s) with their
census identification number is generated. A graphic terminal is not required

to use this function,
3.2 Tabular Data File Preprocessor (Note Fig, 3-2)

3,2,1 DATA Sources. DATA sources for the TABULAR DATA BASE can be .
from a variety of sources; Census, ERTS imagery, polygon overlay or unique

files created by an agency for their own use. Files such as land use, licenses

or health statistics are comnmon among agencies. Any Census blocks data input

can be used by this display technique,

3.2.2 Sort/Merge. Prior to creating a single input file on tape each input file
must be merged and sorted by comparable ID codes, forcing each file into a

parallel order.

3.2.3 PCENS. PCENS reads data from the Third Count Census Tape and
creates a tape file, CENSOO, CENSQO is input to the APL function, BLDTAB.
PCENS also reads user provided data, if there is any, and merges it with

census data.
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USER

MILUS DATA .
Y
SORT/MERGE
PROGRAMS
PCENS PCENS MERGES

VARIOUS FILES TOGETHER

PREPROCESSOR J

CTS COMMAND

LOAD DATA
FILEONTO
DISK FOR

USE BY APL

S

Fig. 3-2, Tabular Data

f i ~
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3,3 CENTROID Coordinate Preprocessor - DACS (DIME Area Centroid
System) (Note Fig. 3-3)

3.3.1 DACS - Phase I. DACS is written in two phases. In the first phase
DACS creates an abstraction of standard 300 Character DIME files. The

abstraction consists of the left and right regions, from and to nodes, and the x
and y coordinates, The abstract is written in-three levels. Level 1 is for entire
Census Tracts., Level 2 is for Block Groups and the third level is Block, Each

level is written in contiguous groups on the same temporary file.

3.3.2 System Sort. The DACS file is sorted by the left key or region in

ascending order and passed to another temporary file.

3.3.3 DACS - Phase II. The second phase of DACS performs computations,

edits the file and writes any output files, The program reads the sorted inter-

mediate tape and stores segment data for a region internally. When the first
record for a diiferent region is encountered, the accumulated data is passed to

subroutine CHAIN,

Subroutine CHAIN checks to see if the region's boundary segments
form one or rmore closed loops, If they do not, a message to notify user of the

condition is printed, and calculations are skipped. If they form more than one.

closed loop, another message is printed; however, in this case, calculation is
allowed to proceed.

Data for a valid region is used in subroutine CALC, which computes the
area and centroid coordinates. Subroutine POLYPT then determines whether ox
not the centroid lies within the region boundary. If it lies outside the boundary,
an appropriate message is printed, and the centroid '"x' and ''y'' coordinates are
set equal to those of the nearest boundary segment node. Area and centroid are

written onto the final output tape.
3.4 Picture Data File Processor (Note Fig., 3-4)

3.4.1 PDRP. PDRP is a FORTRAN Program to create RDIME file, It takes
DIME file as input and reads following data:

1) Coding Limit Flag.
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REFORMATES DIME FILE AND
PRODUCES MULTIPLE RECORDS

DACS PHASE | | £z BLOCK GROUPS

AND TRACTS

TEMPORARY FILE

PREPROCESSOR - SYSTEM SORT | SORT FILE BY KEY (BLOCK ID)

SORTED REDUCED FILE

CALCULATES CENTROID
OF EACH BLOCK

TAPE FILE OF CENTROIDS
FOR EACH BLOCK, BLOCK GROUP,
TRACT POLYGON

CTs
COMMAND

LOAD CENTROID
_@ FILE ONTO
5 DISK FOR

S ) :
?53 USE BY APL
0?" g(p ¥
s ‘
- T

Fig. 3-3. Centroid Coordinate System
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D

PDRP . DIME REFORMAT
{FORTRAK) PROGRAM

TEMPORARY FILE IN A
REDUCED DIME FILE FORMAT

(-

D

TEMPORARY FiLE

{8

SORTED
CHAIN CHAIN SEGMENTS
{FORTRAN) TO CREATE A VERTEX FILE
VERTEX FILE

SO

CTs ' COMMAND

LOAD VERTEX CTS~CONVERSATIONAL TERMINAL
FILE ONTO SERVICES

DISK FOR °
USE BY APL

(&

Fig. 3-4. Picture Data
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2) Left/Right Tract Numbers and Suffices.
3) Left/Right Block Numbers and Suffices.

4) From/To xy Coordinates.

PDRP detects and counts erroneous records by testing Coding Limit
Flag., PDRP assigns level numbers to each record according to the Left/Right

Tract Numbers and Block Numbers as follows:

Level Descrigtion

1 Block boundary
2 Group boundary
3 Tract boundary

The selected items are written to the temporary disk file, RDIME,

3.4.2 QSystem Sort. The reformatted DIME File is sorted by the record
identification. The sort produces another temporary field, SDIME (Sorted
DIME file).

3.4.3 .CHAIN. CHAIN takes SDIME as input and creates Vertex File of street
segments. The purpose of CHAIN is to tie each segment one after another in
order to facilitate the mapping function, Each segment is chained according to

the level of boundary that the segment is representing.
3.5 - APL File Creation and Update Program Description

3.5.1 CRTAB. CRTAB takeg File-1 as input and creates the File 10, series
files 11, 12, 13, Tabular Data Bases. The Block data of a group become a
matrix of a Group data and stores as a record of an APL file, File'll, The row
of matrix represents each block and the column represents’data items. The
column sum of data items of all blocks within a group becomes the group data,
File 12, and the columns sum of data items of all groups within a Tract becomes
Tract data, File 13,

3.5.2 CRIDX. CRIDX takes File-5, Centroid File, as an input and creates

the File-30 series, Index File. The centroid file created in the preprocessor



step is divided into three files; index to the block, index to the block group,

and index to tract.

3.5.3 CRPIC, CRPIC takes File-2 as input and creates the File-20 Series,
Picture Data Base, All the level 1 data are grouped by Group level and stored
sequentially in a record of an APL file, Each chain with levels of 2 and 3 are

stored separately as a record of an APL {ile,
4,0 FILE DESCRIPTION

4.1 Third Count Summary Tape

Third Count Summary Tape is originally created by Bureau of Census
and used by LUMIS-IV as an Input File, See APPENDIX-B for the Data Record
Layout of Third Count Summary Tape.

4,2 USERS' DATA FILE

USER DATA FILES may be provided by user if necessary. The data in
this file.should be aggregated at the Block Level. The number of data field is
not limited; however, each record must include Tract Number with Suffix and

Bio_ck Number in the first data field of records.

Record No. Shape Contents
I-N NX2 Row-1; Col-1: Tract No. Suffix, .
Group No., and Block No,
TTTTSSGBB,

Row-2 through Row-N:
Col-1: X-coordinate
Y -coordinate

4,3 File-1 (Temporary Tabular)

File-1 is a temporary APL file created as input to the APL function
CRTAB. File-1 is basically similar to Third Count Summary Tape except
that File~1 is an APL accessible file and contains only integer data. See
APPENDIX-B for the Data Record Layout.



4,4 File-2 (Tempbrary Picture)

File-2 is a temporary APL file created as Input file to the APL func-
tion CRPIC, After File-20 is created by CRPIC, the contents of File-2 is
dumped to the external storage File-4 as back-up data file and File-2 is deleted,

¥

Record No, Shape Contents
1 -NT NX6 . Col-1: Tract number/Suffix and Block

number/Suffix as TTTTSBBES.

Col-2: Record number as RRRRRR.
Col-3: Level number as &.

Col-4: From State Plane Y-coordinate
as YYVYYYYY.

Col-5: From State Plane X-coordinate
as XXXXXXX,

Col-6: To State Plane y-coordinate as
YYYYYYY.

Col-7: To State Plane x-coordinate as
XXXXAXXK, '

4,5 File-3 and File-4 (External Back-Up)

File-3 and File-4 are external tape files created by a system DUMP

and contains the contents of File-1 and File-~2.

4,6 File-10 Series (Tabular Files)

The 10 series of files are the Data Base File of LUMIS-IV, They con-~
tain data from the Third Count Census tapes and other sources depending on the
individual user's requirements. The files are broken down by their levels of

aggregation, block, ‘block group, and tract.

File No. Shape Contents
11 NB X ND Block Level Data Fields
12 NB X ND Group Level Data Fields
13 NB X ND Tract Level Data Fields



4.7 File-20 Series (Picture Files)

The 20 series of files contain the State Plane Coordinates obtained

from the DIME file processed by CHAIN and CRPIC into four files.

File No, Shape
21 NGx NV x2
22 NG=x 10
23 NG=x10
24 NxNV=x2
4,8 File-30 Series (Index Files)

Contents

Block Dividing Segments in
a Group (Lev=1l)

Group Outline Index
Tract Outline Index

Tract Dividing Segments:
(Lev= 2, 3)

The 30 series of files contain the block, group and tract identification

numbers of Bureau of the Census along with the centroids and pointer of their

" data locations of the 10 and 20 file series,

File No..

31

32

33

NB x5

NB=x5

Col-1;
Col-2:
Col-3:

Col-1:
Col-2:
Col-3;
Col-4:
Col-5;

Col-1:
Col-2:
Col-3:
Col-4:
Col-5:

3-14

Contents

Centroid Y
Centroid X
Block ID as TTTTSBBES,

Centroid Y

Centroid X

Group ID as TTTTSG

Block beginning pointer as NNNNN
Number of block as NNNNN

Centroid Y

Centroid X

Tract ID is TTTTS .
Group beginning pointer as NNNNN
Number of group as NNNNN



APPENDIX A

EXAMPLE OF A CENSUS TRACT REFERENCE MAP
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APPENDIX B

1970 THIRD-COUNT SUMMARY TAPE DATA RECORD LAYQUT



APPENDIX B
1970 Third~Count Summary Tape Data Record Layout

Table of Contents

Data
Numbe Data Desgcription
1-14 Geographic Identification
15-~17 Aggregate $§ Value
18-20 Aggregate § Monthly Contract Rent
21-23 Aggregate $ Value for Uniis with all Plumbing
Facilities
24-26 Aggregate $ Monthly Contract Rent for Units with
All Plumbing Facilities
27-32 Race and Sex
33-74 Age and Sex
15~84 Population 14 Years Old and Over By Marifal
Status and Sex
85-91 Relationship
92-98 Population Under 18 By Relationship and Type
of Family
99 Total Housing Units
100~103 Occupancy /Vacancy Status
104-109 Tenure and Race of Head
110-112 Type of Structure
113-118 Rooms in Unit
119-125 Aggrégate Number of Rooms by Tenure and Race
of Head
126-131 Persons in Unit
132-137 Aggregate Number of Persons by Tenure and Race
of Head .
138-155 Persons Per Room, Tenure and Race of Head
156-158 Number of Units at Address

-

B-2

Page



Data
Number

159-161
162
163

164
165-175
176=187

188

189
190

191-185
196
197-210-

211-212

213-224

225-235
236-247

248-253

254-255

256-257

258
259

APPENDIX B
Table of Contents

Data Description

Toilet Facilities
Units with a2 Basement

Units Lacking Complete Kitchen Facilities for
Their Household Only

Units Tacking Direct Assess

Value of Units

Monthly Contract Rent

Units for Rent that Have Been Vacant Less Than
2 Months

Units for Sale Only that Have Been Vacant Less
Than 6 Months

Vacant Year-Round Units that I—Iave Been Vacant
6 Months or More

Type of Household

Units with Roomers, Boarders, or Lodgers
Plumbing Facilities, Tenure and Race of Head
Families by Plumbing Facilities

Units with 1, 01 or More Persons Per Room By
Plumbing Facilities, Tenure and Race of Head

Value for Units with all Plumbing Facilities

Monthly Contract Rent for Units with all
Plumbing Facilities

Population in Units with 1, 01 or More Persons Per

Room by Tenure and Race of Head
Population in Units by Plumbing Facilities

Population in Units with 1, 01 or More Persons
Per Room by Plumbing Facilities

Number of Units with Contract Rent Allocated

Number of Allocated Occupied and Vacant Year-
Round Housing Units

B-3

Page

B-10

B-10

B~10
B-10
B-10

B-10

B-10

B-11

B-11
B-11
B-11
B-11
B-11

B-12"-

B-~12

B-12

B-13

B~13

B4s
B-13

BA43



GENERAL FORMAT

The FORTRAN format statement of the data record is:

Al, A2 3X, 16X, A4, A2, 6X, Al, 32X, 12X, 3A2, 6Al, 6X, A3, 3X,
Ad, A2, A3, 2X, Al, 12112, 23316, 18X,

where:
rAw = Alphanumeric field
riw = Numeric data field
wX = Padding (space) field
s = Field separator
T = Repeat count for field (a blank = 1 field)
w = Field length
Field
Data No, Data Description Format Position
1 Record Type Al 1
2 1970 State A2 2-3
~- Padding 3X 4~8
3 1960 State A2 7-8
- Padding 16X 9-24
4 Tract (Basic) A4 25-28
5 Tract (Suffix) A2 29-30
- Padding 6X 31-36
6 Central Business District Al 37
- Padding 32X 38-69
7 1970 County of Tabulation A3 70-72
- Padding 12X 7384
8-9 Sequencing Keys—— 6X 85~96
- Padding 3A2, 6A1 97-102
10-13 Sequencing Keys A3, 3X,A4,A2,A3 103-117
- Padding 2X 118-119
14 . $ Symbol Al 120

Record Types are as follows:

0 = Summary is inside the UA
2 = Summary is in a Coniract Block Area

These codes are used to conirol ithe publication of the summaries in this
file,

Sequencing Keys contain various Geographic Codes as determined by the
designated summary level (also see Page B-2),



Summary Categories and Sequencing Keys

§5- 91- 103- 109- 115-
90- " 96- 106- 114 120
URBANIZED AREAS (BLOCK
PUBLISHING AREAS)

Tract bbAAAADBL9999CCChbbDDDDEEbLbbbb$

Block bbAAAADLYS9SCCChhbbDDDDEEFFFbb$

CONTACT BLOCK PUBLISHING
AREAS

Tract or Block Numbering
Area GGHHII 1/ CCCbbbDDDDEEbbbb$

Block GGHHII 1/ CCCbbbDDDDEEFFFbb$

AAAA
CCcC
DDDD
EE
FEE
GG
HH
I

Block Publishing Area (UA)

County

Tract or, in untracted areas, Block Numbering Area (BNA)
Tract Suffix (if applicable)

Block

1960 State

Contract Block Area (CBAY

Sub-Contract Block ARea 2/

L1 VT T A | VI I /I

1/ The contents of charcters 91-96 are variable, This Summary Area
key serves to identify and/or sequence summaries component to the
various Block Publishing Area reports, Possible content are:
bbJFJJ Designates a sunimary for a Tract of Block Component of

a Contract Place

CCCKKK = Where CCC represents Contract County and KKK represents
MCD or CCd,
998099 = Other Coniract Area or Vicinity.

2/ These six digits identify each Coniract Block Area



) Field
Data No, Data Description ‘Formai Position

AGGREGATE $ VALUE:

15 Total owner occupied I12 121-132
16 Negro owner occupied 112 133-144
17 Vacant for sale only 112 145-156

., AGGREGATE $ MONTHLY CONTRACT RENT:

18 Total renter occupied 112 157~168

19 Negro renter occupied I12 169-180

20 Vacant for rent - I12 181192
AGGREGATE $ VALUE FOR UNITS WITH ALL PLUMBING
FACILITIES:

21 Total owner occupied 112 193-204

22 Negro owner occupied 112 205-216

23 Vacant for sale only Ti2 217-228

AGGREGATE $ MONTHLY CONTRACT RENT FOR UNITS WITH
ALL PLUMBING FACILITIES:

24 - Total renter occupied 112 229«240
25 Negro renter occupied 112 241-252
26 Vacant for rent Iz 253-264

POPULATION-RACE AND SEX:

27 Total: Male 16 265-270
28 Female 16
29 Negro: Male 16
30 Female - 16
31 Other: Male 16
32 Female 16 295-300

¥

POPULATION-AGE AND SEX:

33 Male: TUnder 5 years 16
34 5 - 16
35 6 16
36 7-9 16
37 10-13 .16 325-330
38 i4 16
39 15 16
40 16 16
41 17 16
42 18~19 16 355-360
43 20 16
44 21 16
45 22-24 16
46 25-34 16

B=6



Field

Data No,” Data Descriptiou Format Position
47 3b~44 16 ) 385-390
48 45-54 16
49 bb=59 I8
50 60-61
51 62-64 16
52 65-T4 16 415-420
53 75 and over 16 4214286
54 Female: Under 5 years 16 427432
55 ) 5 16
56 6 16
57 7-9 16 445-450
58 10-13 16
59 14 16
80 15 . 16
61 16 I6
62 17 16 475-480
63 18-19 16
64 20 i6
65 - 21 16
66 22-24 16
67 25-34 16 505-510
68 35«44 16
69 45-54 16
70 55~59 16
1 60-61 ] 16
72 62~64 ) 18 535-540
73 65-T74 16
T4 74 and over 16

POPULATION=-14 YEARS OLLD AND OVER BY MARITAL STATUS
AND SEX:
75 Male: ‘Now Married (excludes sep.) I6 . 553-558
76 Widowed 16 559-h64
¥i Divorced 16 565-570
78 Separated 16
79 Never Married 16
80 Female: Now Married (excludes sep,) 16
81 : Widowed ] 6 - ’
82 Divorced 16 - 595~600
83 ) Separated 6 601606
84 Never Married 16 607-612
RELATIONSHIP;
856 ’ Head of Housgehold 16 613-618
86 Wife of head ' 16
87 Child of head . 16 625-630
88 Other relative of head 16
89 Nonrelative (includes roomer, boarder,
or lodger) of head in household 16

B-7



Field

643-648

649-654

655~-660

685-680
691=-696

697-702

703-708

721-7286

T27-732

745-750
757-762

763-T768

775-780

781~-786

805-810

Data No, Data Description Format
90 Inmate of institution in group quariers 16
91 Other in group quarters 16

POPULATION UNDER 18 BY RELATIONSHIP AND TYPE OF
FPAMILY:
92 Head or wife of head of household i6
- Own (never married) child of head: 16
93 In Husband-wife family 16
94 In other family with male head 16
95 In family with female head 16
98 Other relative of head 16
97 Nonrelative (includes roomer, boarder,
or lodger) of head in household 16
98 In group quarters 16
TOTAL HOUSING UNITS:
99 Total housing units 16
OCCUPANCY /VACANCY STATTUS:
100 Occupied i6
101 Vacant year-round: For reni 16
102 For sale only 16
103 Cther vacant 16
TENURE AND RACE OF HEAD:
104 Owner Occupied: Total 16
105 White 16
106 Negro 16
107 Renter Occupied: Total 16
108 White 16
109 Negro 18
TYPE Of STRUCTURE:
110 1-unit structure 16
111 2~or-more-unit structures 16
112 Mobile homes or trailers
(occupied only) 16
- ROOMS IN UNIT:
113 1 room in unit. 16
114 2 rooms in unit 16
115 3 rooms in unit i6
116 4 rooms in unit 16
117 5 rooms in unit 16
118 6 rooms in unit 16

B-8
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Iield

Data No, Data Description Format Pogilion

AGGREGATE NUMBER OF ROOMS 1/ BY TENURE AND RACE
OF HEAD:

119 Total occupied and vacant year-round
units 16 817-822

120 Total occupied 16

121 Owner occupied

122 Renter occupied 16 835-840

123 Total Negro occupied 16

124 Negro owner occupied 16

125 Negro renter occupied 16 853-858

PERSONS IN UNIT:

126 1 person in unit 16 859864
127 2 persons in unit 16 865-870
128 3 persons in unit 16
129 4 persons in unit I6
130 5 persons in unit 16
131 6 persons in unit 16 889-894

AGGREGATE NUMBER OF PERSONS 1/ BY TENURE AND
RACE OF HEAD: -

132 Total occupied 16 895-900
133 Owner occupied .16
134 Renter occupied 186
135 Total Negro occupied 16
136 Negro owner occupied 16
137 Negro renter occupied 16 925-930

PERSONS PER ROOM, TENURE AND RACE OF HEAD:

138 Total occupied: 1,00 or less persons
per room 16 931-9386
139 1,01 - 1,50 16
140 1, 51 or more 16
141 Owner occupied: 1, 00 or less persons
per room 16
142 1,01 - 1,50 16 955-960
143 1, 51 or more 16
144 Renter occupied: 1,00 or less
persons per room 16
145 1,01 - 1,50 16
1486 1, 51 or more 16
147 Total Negro occupied: 1, 00 or less
persons per room i6 985-990
148 1,01 - 1,50 16
149 1. 51 or more 16



Data No,
150

151
152
153.

164
155

156
157
158

159
160

161
162
163

164

165
166
167
168
169
170
171
172

173
174
175

176
177
178

Data Description

- Negro owner occupied; 1,00 or less

persons per room
1,01 - 1,50
1.51 or more
Negro renter occupied: 1, 00 or less
persons per rocom
1,01 - 1,50
1, 51 or more

NUMBER OF UNITS AT ADDRESS:

2-4 units
5-9 units
10 or more units

TOILET FACILITIES:

Flush toilet for this household only
Flush toilet but also used by another
household

No flush toilet

UNITS WITH A BASEMENT:

Format

Field

UNITS LACKING COMPLETE KITCHEN FACILITIES FOR

THEIR HOUSEHOLD ONLY:
UNITS LACKING DIRECT ACCESS:
VALUE OF UNITS:

Less than $ 5, 000
$ 5,000 - $ 9,999
$10, 000 - $14, 999
$15, 000 - $19, 999
$20, 000 - $24, 999
$25, 000 ~ $34, 999
$35, 000 - $49, 999
$50, 000 or more

COUNT OF UNITS:

Total owner occupied

Negro ower occupied

Vacant for sale only
MONTHLY CONTRACT RENT:
With cash rent: Less than $40

$ 40 - § 59
$ 60-3% 179

B-:10

Pogition
16
16
16 1015-1020
16
16
16 1033-1038
16
16 1045-1050
i6 1051-1056
16 1057-1062
i6
16 10'75-1080
16 1075-1080
16 1081-1086
16 1087-1092
16 1093-1098
16
16 1105-1110
16
16
16
16
16 1¥35-1140
16 1141-1146
16
i6 1153-1158
16 1159-1164
i6 1165-1170
16



Data No,

179
180
181
182
183
184

185
186
187

188

189

190

191
192
193
194
185

196

197

198

199
200

Data Description Format
$ 80 - % 99 16
$100 - $119 16
$120 - $149 16
$150 - $199 16
$200 or more 16
Without payment of
.cash rent 16
COST OF UNITS:
Total renter occupied 16
Negro renter occupied 16
Vacant for rent 16
UNITS FOR RENT THAT HAVE BEEN
VACANT LESS THAN 2 MONTHS 16
UNITS FOR SALE ONLY THAT HAVE
BEEN VACANT LESS THAN 6
MONTHS 16
VACANT-YEAR ROUND UNITS THAT
HAVE BEEN VACANT 6 MONTHS OR
MORE 16
TYPE OF HOUSEHOLD:
Husband-wife family 16
Other family with male head 16
Family with female head 16
Male primary individual i6
" Female primary individual 6
UNITS WITH ROOMERS, BOARDERS,
OR LODGERS: 16

Field
1195-1200

1207-1212

1213-1218
1225-1230

1231-1236
1237-1242
1243-1248
1249-1254
1255-1260

1273-1278

1279-1284

PLUMBING FACILITIES, TENURE AND RACE OF HEAD:

Total occupied and vacant year-round:

With all plumbing facilities
Lacking one or more plumbing fac,

Total occupied:

With all plumbing facilities
Lacking one or more plumbing fac,

B-11

16
16

16
16

1285-1290



Field
Data No.‘ Data Description Format Pogition

Owner occupied:

201 With all plumbing facilities 16
202 Lacking one or more plumbing fac, 16 1315-1320

Renter occupied

203 With all plumbing facilities 16
204 Lacking one or more plumbing fac, 16

Total Negro occupied:

205 With all plumbing facilities 16
206 Lacking one or more plumbing fac, 16

Negro owner occupied

207 With all plumbing facilities 16 1345-1350
208 Lacking one or more plumbing fac, 16

Negro renter occupied

209 With all plumbing facilities 16
210 Lacking one or more plumbing fac, 16 1363-1368

FAMILIES BY PLUMBING FACILITIES:

211 With all plumbing facilities . 18 1369~1374
212 Lacking one or more plumbing fac, 16 1375-1380

UNITS WITH 1, 01 OR MORE PERSONS PER ROOM BY PLUMBING
FACILITIES, TENURE AND RACE OF HEAD:

Total occupied:

213 With all plumbing facilities 16 1381-1386
214. Lacking one or more plumbing fac, 16

Owner occupied:

215 : With all plumbing facilities 16
216 Lacking one or more plumbing fac! 16

Renter occupied:

217 With all plumbing facilities 16 1405-1410
218 Lacking one or more plumbing fac, . I6

B-12



Field

Data No,. Data Description Format Position
Total Negro occupied:
219 With all plumbing facilities 16
220 Lacking one or more plumbing fac, 16
Negro owner occupied:
221 With all plumbing facilities 16
222 Lacking one or more plumbing fac,- 18 1435-1440 -
Negro renter occupied:
223 With all plumbing facilities 16
224 Lacking one or more plumbing fac, 16 1447-1452
VALUE FOR UNITS WITH ALL PLUMBING FACILITIES:
COUNT OF OWNER-OCCUPIED UNITS:
225 Less than $ 5, 000 16 1453-1458
226 $ 5,000 -¢ 9,999 16
227 $10, 000 - $14, 999 16 1465-1470
228 $15, 000 - $19, 299 i6 ‘
229 $20, 000 - $24, 999 16
230 $25, 000 - $34, 999 16
231 $35, 000 -~ $49, 999 16
232 $50, 000 or more 16 1495-1500
COUNT OF UNITS:
233 Total owner occupied- 16 1501-1506
234 Negro owner occupied i6
235 Vacant for sale only 16 1513-1518
MONTHLY CONTRACT RENT FOR UNITS WITH ALI, PLUMBIN
FACILITIES:
236 With cash rent: Less than $40 16 1519-1524
237 $ 40 - $ 59 16 1525-1530
238 $ 60-8%79 16
239 $ 80~ % 99 16
240 3100 - $119 16
241 $120 - $149 16
242 $150 - $199 i6 1565-1560
243 $200 or more 16
244 Without payment of
cash rent 16 1567-15"72

B-13



 Field
Data No, Data Degcription Format Pogition

COUNT OF UNITS:

245 Total renter occupied 16" 1573-1578
246 Negro renter occupied 16
247 Vacant for rent I8 1585-1590

POPULATION IN UNITS WITH 1. 01 OR MORE PERSONS PER
ROOM BY TENURE:

248 Total occupied 16 1591-1598
249 Owner occupied 16
250 Renter occupied 16
251 Total Negro occupied 16
252 Negro owner occupied i6 1615-1620
253 Negro renter occupied 16 1621-1626

POPULATION IN UNITS BY PLUMBING FACILITIES:

254 With all plumbing facilities 16 1629-1632
255 Lacking one or more plumbing fac, 16 1633-1638

POPULATION IN UNITS WITH 1. 01 OR MORE PERSONS PER
ROOM BY PLUMBING FACILITIES:

256 With all plumbing facilities 16 1639-1644
257 Lacking one or more plumbing fac, 16 1645-1650
258 NUMBER.OF UNITS WITH CONTACT
RENT ALLOCATED: 16 1651-1656
259 NUMBER OF ALLOCATED OCCUPIED
AND VACANT YEAR-ROUND HOUSING :
UNITS: 16 1657-1662
Padding 1663-1680

" B-14
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Data
No,

10

11
12

13 .

14
15
16
17
18
19
20
21
22
23
24

APPENDIX-C DIME FILE DATA RECORD LAYOUT

Data Description

Street Prefix Direction

Street or Non-Street Feature Name

Street Type
Street Suffix

Non-Street Feature Code

19270 Enumeration District Left (1970 Non-

Mail Census Areas Only)

Blank (Census Use Only)

1970 Enumeration District Right (1970

Non-Mail Census Areas Only)

From Map (Basic Number).
From Map (Suffix)

To Map (Basic Number)
To Map (Suffix)

Coding Limit Flag

Left T.ow Address

Left High Address .

Right Low Address

Right High Address

File Code

Record Number

Check Digit

Census Tract Left (Basic)
Census Tract Left (Suffix)
Census Tract Right (Bagic)
Census Tract Right (Suffix)

Data Record Data
Length Position Type
2 1-2 A
. 20 3-22 AN
4 23-26 A
2 27-28 A
1 20 AN
5 30-34 AN
6 35-40 B
5 41-45 AN
3 46-48 N
2 49-~-50 A
3 51-53 N
2 94-55 A
1 56 AN
6 57-62 N
6 63-68 N
6 69-74 N
6 75-80 N
4 81-84 N
6 85-90 N
1 91 N
4 92-95 N
2 96-97 N
4 98-101 N
2 102-103 N



Data

No,

25
26
27
28
29
30 .
31
32
33
34

35

36
37
38
39
40

43
42
43
44
45
48
47
48

Record Data
Pogition Type

Data

Data Description Length
ZIP Code Left 5
ZIP Code Right 5
SMSA 4
Street Code (1970 Mail Census Areas Only) 5
From Node 4
To Node 4
Place Code Left 4
Place Code Right 4
State Code Left 2
County Code Left 3
Minor Civil Division Code/Census County
Division Code Left 3
1970 Congressional District Left 2
1970 Area Code Left 3
Block Left (Basgic) 3
Block Left (Suffix) 2
1960-1970 Annexation Code Left (1970 Mail
Census Areas Only) 1
State Code Riéht 2
County Code Right 3
Minor Civil Division 3
1970 Congressional District Right 2
1970 Area Code Right 3
Block Right (Basic) 3
Block Right (Suffix) 2
1960-1970 Annexation Code Right (1970
Mail Census Areas Only) 1

C-3

104-108

109-113

114-117
118-122
123-126

127-130

131-134
135-138
139-140
141-143

144-146
147-148
149-151
152-154

155-156

15%
158-159
160-162
163-165
166-167
168-170
171-173
174-175

176

N

2 2 a2 2 2 2 2 Z 2 2 2 2 7 9

ZZZZZZZ%

2



Data Data Record Daia

No., Data Description Length Pogition Type
49 From State Plane Code 2 177-178 N
50 To State Plane Code 2 ' 179-180 N
51 - From Map Set Mile (X Coordinate) 6. 3 181-186 N
52 From Map Set Mile (Y Coordinaté) 6.3 -187-182 N
53 To Map Set Mile (X Coordinate) 6.3 - 193-198 N
54 To Map Set Mile (¥ Coordinate) 6.3 ' 109-204 N
55 . From Latitude (¥ Coordinate) 6.4 ~ 205-210 N
56 From Longitude (X Coordinate) 7.4 | 211-217 N
57 _To Latitude (Y Coordinate) 8,4 218-223 N
58 To Longitude (X Coordinate) 7.4 224-230 N
59 From State Plane (Y Coordinate) 7 231-237 N
60 From State Plane (X Coordinate )_: _ 7 .-238—-244 N
61 - To State Plane (Y Coordigate) T 245-251 N
62 To State Plane (X Coordinate 7 252-258 N
63 Blank (Census Use Only) ‘ ,42 | 259-300 B
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TAG+TAG,[11TG,KEYx1000
KEY~{T[11+1000
1 COMP+COHP+1
1 TAB FAPPEND 11
1 COHP.CNT
CNT+]

TAB«(0,RL) M1 0
+(KEYT=LT[13¢100003/2+126

CRTAB2

LISSTABCTAR, L 119T
C T CNT+1

LED SCOHP'-COHP*I

VCRTAB2I EI IV

TRG FAPEEHD 12 -
TTes/0 L14TAG
TT+TT.KEYT=100080
KEYT+«LTL1]+10000
TAGFLO.RLIMD
TAT+FREAD 13,1
TAT+TAT,[11TT

TAT FREPLACE 13,1

YCRIO[DIV .
CR1G

. 'TABIFCRERTE 11
'TAB2*FCREATE 12
'TAB3'FCREARTE 13
vCR20( 0V

CR20

1. 'PIC1'FCREATE 21
% 'PIC2'FCREATE 22
]

Lo Lo L T ——

[ LT O AT

et At At
<

<

—~——
R LR
)

: 'PICI'FCREATE 23
‘v"’PIC4‘FCREATE 24

_WCR30LO1V
CR30 ¢

[13 " TIDXL'FCREATE 31
121 -+ VIDX2' FCREATEI2
(31  'IDK3'FCREATE 33

vCR401 DIV
¥ CR40
SERNTI 'FCREATE 41

(88}
[2]  'CENT2'FCREATE 42
(3)  CENTI'FCREATE 43

“D-12



vER10(]V
v ER10

111 'TAB1'FERASE 11
[21 'TAB2'FERASE 12
£31 v 'TAB3'FERASE 13
VER20LO W
v ER20
[11 'PICI'FERASE 21
[21 'PIC2'FERASE 22
[3] 'PIC3I'FERASE 23
[4] 'PIC4'FERASE 24
v
VERIOIOIV
v ERID
{1] 'IDKL'FERASE 31
{2] 'IDX2'FERRSE 32
3] 'IDX3'FERASE 33
v
VERAOUIDIW
v ER40
(11 '"CENT1'FERASE 41
[21  'CENT2'FERRSE 42
£31 v ICENT3'FERASE 43
PRESETFIOIV
-® RESETF
(11" BEX'F'ONL 3
i2] v 0Ex E
ORESET [Div
v RESETV
[11 DEX QLPHA ONL 2
LA
vrIELO[OIw
v TIELD
{11 YTABL'FTIE 11
{2] 'TRB2'FTIE 12
131 'TRBI'FTIE 13
v
vTIE20(Dw
v TIE20 .
(1] 'PICL'FTIE 21
[21 'PIC2'FTIE 22
(31 'PICI'FTIE 23
[4] 'PICA'FTIE 24
v
YTIE30EO v
e TIEID
{1] VIDXAVFTIE 31
[2] IDX2'FTIE 32
(31 v 1IDX3'FTIE 33
9TIEAQLO]®
v TIE4Q
f11 'CENTI'FTIE 41
121 'CENT2'FTIE 42
3] v 1CENT3FTIE 43
SLOEFILELD)V

@ DEFILEIRL;BS
'LOGICAL RECORD LENGTH?

RL+D

'BLOCK SIZEY !

BS5<8

OCTS5+'FILEDEF TRPE1 CLEARR! i
DCBeRL,' BLOCK ',BS,' RECFH FB 9TRACK DEN 800!
{0CTS+'FILEDEF TAPE! TAPt (LRECL ',DCH
QCT5+ ' TRFE REW'

QCT5+ ' TAPE FSF!

TAPEL1+'TAPE1 (370"
(22111 QSVO'TAPEL®)s' TAPEY DEFINED!

VHESSAGELD v
HESSRGE TAPEID
OCTS+'HSG OP PLEASE MOUNT TAPE '.TAPEID,' RS TAPL 9TRACK 800BPI
?EESFWOUNT 'y TAPEID
NT

—e e
= = ) D = O O D Gl B
0 D et g et e et Sl ket bt
———

<4 4

s gy
o
— bt
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VERIBX[UIV [34]1 IDX2¢D St
v CRIDX £391 L7

{11 TIELD [361.L20:IDX3 FAPPEND 13

t21 TIE3G E3?1 14r1DX3

(33  IDX2¢IDX3+} 5210 (381 'END OF BLDIDX'

[41 CNTB+CNTG+(Q v

[$] Ne

[6] GN« 1+(FSIZF 11)[2)

[7] IDX«(FREAD 11.I#)[}56]

[8) KEY+LIDX(11410000

(9} L7

[10) LSiINEINst

[11) ‘*INREC= ',TIN

[12] +(INGNIZL2D

[13) IDX+«~(FREAD 11,IN)[356]

[141 (KEY=LIDX[1]+10000)/LL0

[15] L?:IDX1eC(2IDX},3) D

161 IDX1{:3)«IDX

171 IDX1 FAFPPEND 31

18) CNTB+«(CNTB+1

191 X2+«Sr0 _

20) X2[3)+1000=fG+LIDX(1141000

21) X201 41«CNTB

221 X2051e1201DX1

23 IILJ.§2~IDX2,I 11x2

25) Li0tIDX2 FAPPEND 32

26) CHTGCNTG+1

27 C TG

28

29 X3[31~KEY110000

301 X3L4}«C

3 X3[5l‘-1"IBX2

32] IDX3«IDX3.(11X3

331 KEYeLIDXI11¢100G0
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APPENDIX &

LUMIS INTERACTIVE GRAPHICS FORTRAN PROGRAM LISTINGS



10
20
30
40
50

100

400

Suo

ORIGINAT,

DIMENSINN IAGG{12%, IDAT(233)
FORMAT(2T1)
FORMATC108X, 14,12, 13,12, 1%, 12112,23316,18%)
FORMAT(I10,12112,233Y6)

PURHATC1H , 'READ ERRNR APTER REC NO = +,I5)

FORMAT( 1R, 'ERRIOR CONNT = !, T10//0UTPUT COUNT = ',T103%
ICKT=0
IERR=(

READ(2,20,ERR=400,ENDES00D)

1 IDL,IN2, IR IDA, (TAGG(I) pdz=1,12), (IDATLKY K=l ,233)
IDD=C(IDYL  A10+¢ID2  3&1000034CTD3  x10+1ID4Y)
WRITE{3,30) 10D, (IAGR(S), =1,12), LIDATLKY,K=1,233)
ICHT=ICHT+Y
GO YO tgo
IERR=TERR+{

HRITE(&,40) ICNY

GO TO 100

WRITE(6,501 IERR,ICNT
3T0P

END

PAGE Ig .

OF POOR QUALITY



DIMEMSION rXY(A)
IN®2
I0=3
IFLG=0
ICHTU=0
IERR=0
FERRIL=D
IERR2=0
TANKL=0
IBNKR=0O
10 FURMAT(55X,11,28X,T6,1X,T4,12,14,12,40%,13,12,14%,13,12,55%,417)
20 FORMAT(TIto) )
30 FORMAT(1H]1, 15HRECORD CNUNTS 7/
tHO, ISHMRECORDS READ 1110/
1140, 1SHRECORDS WRTYTEN, Y10/
1HD  ISHLEF T BLANK ¢I80/
tHO, 15HRIGHT BLANK 11107
1Hp, 1SHCOPING FLAG2 2110/
1HO, ISHCNDING FLAGL Y10/
iH0, 1SBOTHER FRROR +1I110)
A0 FORMATC(IH ,7I10)
50 FURMAT(IH ,'WRYTE ERROR REC HN = *,T5)
100 DU 8% KK=1,21000
READC(IN,10,ENNDZ900) NCLF,NREGC,NTL,NTLS,NTR,NTRS;"
- NBL,NBLS,NBR,NBRS, CIXY(IY,Ix1,4)
NTL=NTLAa104HTLS
NTR=NTR410+NTRS
NBL=NALALO4NBLS
HAR=HBRx {0+NRRS
IF(NCLF [6T, 0 LOR, NIR EO, © JUR, NTL LEQ., 0) GO TD 600
IFCNTL ,EQ, NIR) GO TO 200
LEV=4
G0 10 Soo0
200 NGL=HAL/t0g0
NGR=HNAR/1pgo
IF(NGL ,EG, NGRY GO TO 300
LEY=3
GO TC Sopo
300 IFC(NBL .E@, NARY GO 1O 400
LEV=2
G0 T0 S00
400 LEV=1
G TO S50
500 IO sNTRx{pgo0+NBR
IFLG=
G} TO 820
550 ID =NTLx10000+NBL
G0 T0 B20
600 LEV=4
IF(HCLF ,FQ. 2) IERR2zTICRRZ+1
IF(NCLF .EG. 1) IENM=IERRL1+1
IFCNTR LEG. 0 LAND. MNTL NE, 0) GU 74 Too
IFCNTL JEQ.. 0 LAND. NTIR NE. 0) GD 10 0800
IERRSIERR+1 .
GO TO 550
700 IBNKR=IBNKR +t
ID =HTL*t0000+NBL
G0 TO 820
800 IBNKL=IBNKL+1
ID =HTRx1po00+NaR

820 WRITE(IU,20,ERRTA30Y (IXY(I),I=1,4),I0,NREC,LEV i ORIGH\TﬁI PA.G’E IS

HRITEC 6,a0) CIXYLT),I=1,4%,I0, NREC,LEY OF POO
ICHTOSICNTO+] -
IFCIFLG NE. 1} GO 7O 850 * R QUALITY,
IFLG=gQ
ID =NTLx1p000+NBL
60 T 82p
630 HRITE(6,50) KK
850 COMTINUE
Q00 EHD FILE 3
HRITE(S, 30) KKy ICNTO, TRNKL , IBNKR, IERR2, 2ERR 1, IERR
sTOP
. EHD

LI I I O I I |
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aOOono

SN

cno

IMPLICIT INTEGER (A-2)
MNIHES=999999999

IN=8

QUT=9

RECTIN=z0

RECOUTED

READ DIME FILE RECORD AND SELECT REQUIRED INFORMATIAN

100

200

300

350

400

200
400

10
20
30
o

READCIN, 19,ENNEBQO)
RN+ TL ) TLS, TR,y TRS,FN, TN2BL ,BLS,BRBRE,FY,FX,TY, TX

RECINZRECTIN+E

HAKE BLOCK NUMBERS LINIQUE BY CAMBINING WITH TRACT NUMBERS,

BLKL=0

GRPLEO

TRTILZO

BLKR=0

GRPREQ

TRTR=Q

IFCYL LEG, 0} RU TO 200
BLKLS(TLA10+TLS)I21C000+ (BLALO+BLS)
GRPL=BLKL /1000

TRYL=GRPL /10

IF(TR JEQ, 0) &N TO 300
BLKRECTRA10+TRSIALI0000¢ (BRx10+BRS)
GRPR=BLKR/ {000

YRTREGRPR/1D

{.Evel

SELECT DONLY HOUNDARY SEGHENTS,

IFC(BLKL [EO, BLKR) 60 TN 100
IFCGRPL _NE. GRPRY LEYe=2
IFCTRTL LNE, TRTR) LEVES
IFC(GRPL ,EQ,. 0) GD 10 400 '
WRITEC(OUT,20) GRPL,GRPR, RN, FN, TN FX, FY,TX,TY,LEV
RECOUTERECOUT+1

GO TO 100

WRITECDUT, 205 GRPR,GRPL RN, TH, PN, IX, TYFX,FY,LEV
RECOUT=RECOUT+]

GO YO f00 i

WRITECOUT,30) NINES

END FILE nut

WRITE(6,40) RECIN, RECNUY

FORMATERAX, Y6, 1%, 2014, 123, 19X, 274, 214, I3, 12, 14X, I5,12,%5X,117)

FORMAT(219,3X0,819,18)

FORMAT(19) )
FORMAT('0 PRESORT PROCESSING COMPLETEDY /77 10X,
Xt /7 10%; Y6, ' RECORDS PASSED TO SORT')

CALL EXITY

s$TUP

Enp

T6,

I RECORDS IM



IMPLICIT INTEGER (B=¥) OAC00030

INTEGERA2 ND(4) DACO0D40
DIMENSIUN NGC2),NS(3) DACD0OSO
EQUIVALENCE (NOCtI,NPEL)) DACUOO0GO
DUUBLE PRECISION ZMULT DACVOOTO
DIMENSINMN YITLECS), OPTINNE3) DACGOORD
DIMENSINN TLIST(2000) DACOOO®O

COMRON ELIST( 2000, 5 ) , ZHULT DACGO100

C DACOOLLD

DATA  Re INFILE, DUTI, NUT2, EQOF ¢+ MAX , ARFA, ATOTAL, ASUB DACUO120
9 10, 11 » 99999G99%,2000 , 0,0 , 0,0, 0,0 /

/Ly '

LOGICAL PIOS / FALBE, / DACO01AD

LOGICAL ADJ / ,FALSE, / DACU0150

LOGICAL  LIST / ,FALSBE, ./ , BNDS / ,FALSE, / DACO0160

DATA  NUK , 0 / , BGRP / VBGPS! . / DACUOLTO

DATA BLKS / 'BLKS' / , TDRPT /0/, DROPT 10/ DACCO1RY

DATA BLANK /1 '/ , IA £1AV/ DAC00190

c * DAC0D210

c OPTION PROCESSING DAG00220

c _DAC00230
CHT=0

READ(5,5001,ERRE9999) AMULT UNTTS,KALC,OPTION, TITLE
S001 FORMATLF10,_0,2A4,311,3A4)

C DACOO270
IMULT = AMULT % 00000001 DAGDO300
IF (OPTINNCLY LEQ, &) LIST = ,TRUE, DACOO310
IF (OPTIONC2) LEG, L) ANDS = _TRUE, DACOO320
IF (OPTINNC3) LEOQ, 1) ADJ = ,TRUE, DAL00330

READ({ INFILE, 5002, END=500) KEY, ILISTC1}, (ELYISTtL,J),J21,5)
S002 FORMATC(TIO)
WRITE(6,5014) TITLF, KALC, UNITS, DPTION, KEY DACOO440
Sola FORMAT( '¢r, foX, ‘U, S, BUREAL DF CENSUS ~ DIME AREACENTROID SDACGO0A20
XYSTEM (DACSY! // 25X, 3A4 // 11X, 'CALCULATIONS ARE FOR ', Ad, DACO0430
X ' EN ', Aq,5%,311,' TS OPTION'/// SX, 'FIRST AREA IS8',111 7/ ) bACOOA4D

100 RER+1 DACO0GASD
IFC. R LLT, MAX ) 60 70 120 DACLooAkO
HWRITE(6,5003) KALE, KEY, MAX DACO0ATO

5003 PORMATC /7 ! #od 1, Ad, T11, * HAS',IS, ' NR HORE SCGHENTS' 3 . DACooAaRo
DROPY = DROPT + 1 pACOOA90
NIX ® w} DALU0S500

1905 , READC XNFILE, 5002, ENDaSO0IKEYX, 1LIS1{1}, (ELIBT(1,J),J51,5)

NIX = NIX « 1 DACUOS520

IFC KEYX JEG, KEY } 60 TN 10S DACDOS30
HRITE( &, Sp04 ) NIX - DACOOS4G0

Sp0s FORMATC 24x, IS, ' SEGMENYS DROPPED, NO CALCULATIONS' 7/ 3 DACOO550
NIX = 0 - DAC00560

R=2 DACOOSTO

c DACUOQSHE
C DACOOSY0

120 READC INFILE, 5002, END=SCOIKEYX, TLISTCRS, (ELIS1(R,J),Jx1,9)

C ’ DACCO6RO

IF¢ KEYX JEQ. KEY ) 60 In 100 DACQOG30

[ DALO06A0

c s * DACOOGSD

€ 5 PROCESSING # DACOOGAD

c s x DACUDGYO

C DACLOGBD

130 NUM = NUM + ¢ RACDOL9C

¢ DACO0T00

NBLE = Rul DACOOT IO

AREA = 0.0 DACOOTR0

CENTX = ¢ DACGOT30

CEHYY = o DACOGT &0

IHD 2 DACOOTS0

CALL CHAIN ¢ NBRLS, COMPS, CLNSES, RYSLS ) DACUDTSO

IF¢ CuUMPS  NE, CLOSES ) 60 10 140 DACONTTO

IF¢ COMPS _E0, 1 Y 60 TN g50 DACOOT780D

© DACOOTS0

HWRITE( &,5005) KALEC, KEY, CnHPs DACOOBO0

c DACOGALD

5005 FORMATC Voxan ', Ad, Ti1, ' HAS', I3, ¢ BOUNDED REGIONS = CHECK'! ) DACDOARO

60 10 iS¢ DACOOASO

c T DACOORAD

110 HRITEC 6,5006) KALC, KEY, COMPS, CLNSES DALGORS0

5006 FORHATC Toxax ',A4, Til, ' HAS', §3, U CUMPIINENTS, ONLY',13,! AREDAC av0
X CLOSED, REGION NOT PROCESSER' T 00

c ORIGINAL pAgg giconere

F-5 OE POOR QUALITY



10
20
30
LR
5
S5¢

1))
79

200

300

320

350
37¢

380
390

a09

Aze

800
200

INPLICIT INTEGER (A=Z}

DIMENSINN REC(EDO,[U);VTX(SBU.E)

FORMAT(2T9,3In,419,18)

FORMAT(419)

FORHAT(1Hp,a110)

FORMAT(2I9)

PORMAT(1H ,2T9)

FORMATCIH1, 'VERTEX FILE SUHMARY!//
ﬂx"InL',?x.'IDR'p-’x; byYXt,t0X, FLEY Y

I3
PORMATC1HO, FNit 1)F CHAIN = ',16,10X,'NO OF REC = tr18)

FORMAT ({Hy, "WRITE ERRON!Y
NINES=999999999

=8

oyTs9

Ral

HUH=0

HREC=0
READ(IN,10,END=900) (REC(R,J),J=1,10)
tOL=REC(R, 1)

INDRZREC(R,2)

R=R#1

READCIN,10,ENDER00Y (REC(R:J) 321,10}

IFCIPL .EQ, RECER, 1} ,AND, 1IPR ,£Q, REC(R,2)) GQO-TO 200
CHTZR-1

CHK=D

Li=p

K=o

KaK+1

FLG=0O

IFCK GT, -CNT) GO TO 400

M=K

IFCREC(M,3) LER, 0) GO 0 300

LLsSLL+1

VINCLL, LYS(=1)#RECCH,T)

VTXCLL,2¥ZRFCC(H, &)

KEYL1=REC(M,9)

KEY2eREC (M, 89

REC(M,3)=0

H=0

H=h+1

IFC(N ,GT, £NT) 60 TQ 35¢

IFCRECCN,3) .EB. 0} A0 TN 320

HAT=0

IF(KEYS JEO. REC{N,7) .AND, KEY2 ,EQ, REC(N,&}) GO TO 37¢
HATEL

IFCKEYY! E0. REC(N.9} (AND, KEY2 .E0, RECCN,8Y) GO T8 370
6N 7O 320

FLG=1

LL=LL+1

YTXCLL,1Y=KEYL

VTX(LL,29=KEY2

CHKSCHK+1

IF(CHK _Eg, CNT JOR, CHK BT, CNT) 6O TO 400
IFCFLG LEG, 1) GO0 TO 300

IFC(HAT EG, 1) GO TO 380

KEY1=REC{N,9}

KEY2=RECIN,AS

G0 TO 390

KEY1ZRECLN, 7§

KEY2ZREC({N,0}
REC(H,350

HeR

Nego

én TO 320
WRITE(OUT,20,ERR=800) IDL,YDR,LL,RECCL,10)
PO alo I=1,LL
HRITECOUT,q0,ERR=800) (VYXC(T,J),051,2)
CONTIHUC .
HRITE(NUIT,q0) NINES
NUMaNUK+1
NRECEHREC+HLL

O 420 J=1,10
REC{1,J)=NEC(R,J)
CONTTHUE
IDL=REC(R, 1}
IDR=REC(R, 2%

Rzt

GO TR 200
HRITE(G,T0)

EHR FILE fUT
KRITE(6,60) NUM, NRFC
sTOP

SHD



C

WRITEC 6, 5007 )
PO 145 I = 1,NBLS
NBCL{) = ELIST(I,2)
‘NO(2Y = ELIST(Y,%)
N3(1) = ELIST(I,1?
N3{2} = ELIST(I,R)
H8(3) = ELIST(I.S)
145  MRITE(5,5097) NP, N8
097 FORMAT(2(5X.A2,I5) 3112}

c
5007 FORMATC 'y  SEGHMENT LISTINGI ! /7
X FROM HNDE TO NODE REC NUMBER FROK X FROM ¥Y' /)
DROPT = DROPT + 1
c
GO TO 1000
C
150 CALL CALC( NALS, ARFA. CENTX, CENTY , MX, MY }
c
IFC AREA [LE, 0.0 ) DROPY = DROPY + 1|
C
" IFC CENTX _NE, 0.) CALL POLYPTC NBLS, CENTX, CENTY, IND,MX,HY)
IFC . NUT, BNDS ) GO TM 1000
¢
SYMAP=IA
KEY1=KEY/10000
. KEYZEMOD(KEY,10000)
KEY2EKEY24 100
N DO 180 I = 1, NBLS
KEY2=RKEY2+Y

HRITEC(OUT2,5011) KEY1, 8YMAP ELIST(IS),FLISTCI 43, FLISTCI, 1),
¥ . XKKEY2
S0it FORMAT(IS,ax,A1,2110,20%,T10,13%X,17)

GYMAPzBLANK
180 CONTIHUE
c
KEYZ2=KEY24+1
THRITECIUT2, 5081 KEY1,SYMAPELISTC(L,5),ELAISTCL, 4),ELIST (L, 1),
XKEY2
C

1000 IFC LIST ) WRITECH,S00B)KALC, KEY, NBLS, AREA, UNITS, CENTX,CENTY

S008 FORMAT( /s/5X, Ad, T11, 19, ' SEGHMENTS, AREA =i, F1% . 5,.1X, A4
X / 29X ' CENTROID T3 :},211S )
IF (PINSY CALL REFMT (NBLS.KEY)

d
IF(RYSLS .67, 0) WRITE(6,5015) RVSLS

S015 FORMATC 9%, I11, ' RFYERSALS ~ CHECK FOR PSS, ERRORS.' )
IFC INWD LBE, 0 9 GO 1IN 1l00

v CALL AnJligy { NBLS, CENTX, CENTY, NODE )

WRITE(G,5009) NARE , CENTX. CENTY

DALO00890
DACOO900
DACOO%L0
DACOD920
DACO0930
DACO0940
DACO09S0
DACOD960
DACOD970
DACOOORO
fDACODS9Y0

DAaCototo
DACOL020
DACOLO%O

DACoL050
DACOLOGO
DACo1L0T70O
DACOLOBG
DACoi0S0
DACULLOO
DACOLL10
DACOLL120
DACOLL30D
DACOL 180
DACO1150
DACO1160
DACO1170
DACULlEO
DACO1190
DACODL200
DACei210
DALOL220
DACui230
DACO1240
DACU12%0
DACO1I260
DACO1270
DACO1280
DACOL290
0ACai390
bACO1A00
DACO1300
DACOE310

DACoL1340
OACUL330
DACO13RO
DACOL3SO
DACO1340

5009 FORMHAT( / 9X, 'CENTRNID WAS NUTSINE AOUNDARY ~ ADJUSTED Tn NOCE!,DACUL42¢

X It / 29X ’ 'NEW CENTRDID IS t1,2115 ¥
C
1100 WRITEC 0Ty, S0f¢ ) KEY, ARFA, CENTX, CENTY

¢ .
5010 FORMATC Y, F22,5, 2Y10 )
c .
. AJUB = ASUB + AREA
ATOTALE  ATATAL + AREA
C-
1150 IF¢ ADJ 3 CALL ADJNCY ( NBLS, KEY , TLIST )
Do 1200 I=1,%
1200 ELIST(L, )= ELIST(R, 1}
C.
1250 KEY = KEYX
R =2
c
c , .-
1300, IF¢ KEY (7. EOF ) GO 10 120
c ..
IFC. TDRPT _EQ, 0 ) TDRP1 = DRNP
HRITE(6,5013} NUM, KALC, TDRPT, ATOTAL, UNITS

DALo1430
DACOLAL0
DAGv1a40
DAC01450
DACU1460
pAColATO
DACOLAB0
DACO1490
RACOLS00
DACOiS10

DACO1530
DACOLSA0
DAC01550
DACO1560
DACO1720
DACULTZ0
DACOLTHO
DACUL TS0
BACOLTAD
DACO1770

5g13 FORMATC 'y / IX, 10( e=w=?) 7/ T10, iX, Ad, 1, ¥, 16, ' AMITTED'DACOLTEO
A /7 S¥p "TOTAL AREA I8! , FU13,5, 1%, Ad // X, 16('=aa=?) ) DACOLIT90

B~



500

[
9999
5099

1350

Rz NrErExEollyl

1000

1100

1150
1200

1250
CHAIN

OOAMNOOONAONMAOOnAan0R

GO TO 1350
KEYX=z EOF
G TG 1250

WRITECL,5099)

FORMATC *'g1 ERROR IN FIRST RECORD!' )
WRITE(6,500191, AMULT, UNYIYS, KALC, OPTINN, TITLE

STOP
EHD

SUBROUTINE CHAIN (NBLS.CNHPS,CLISES

THIS SUBROUTINE 15 IDENTICAL TR THAT USED

IMPLICIT INTEGER (A=7)
DOUBLE PRECISINN ZMILT
DIMENSINN RALDERC(S),ELIST(2000,5)
COMMON ELIST ZMULT
BEGIN = 1
EHD P |
COMPS = ¢
RVSLS = 0
CLUSES = 0
HEAD = ELIST(BEGIN,2}
TAIL = ELIST(END,3)
IFC HBLS = 1 ¥ 1250, 1200, 1000
IF¢ HEAD ,EG. TAIL ) 60 70 1200
START = END + 1
IF( START _6T, NBLS ) G0 TN 1200
PN 1106 I = STARY, NALS
TP (ELIST(I,$).EQ,HEADY 6N A 3000
IF (ELIBTC(Y,2),EQ,TATLY 611 TO 2000
CONTINUE
DU 1150 T = START, NALS
IS S |
I1F (I.FO_NBLS) Ty = |
IF (CLIST(I,2).EQ HEADY 6N TN 29
IF (ELYST(I,3Y.EQLTAILY GO TD 1990
CANTINUE
COMPS = CNMPS + 1

rRYSLY)

90

IF( -HEAD _JEG, TAIL } CLNSES = CLOSES +

IFt END _GE. NBLS ) RETURN
*k

ELISTCEND, 1) = =ELIST(END,1)
IF (CLNSES.GE,.2) 60 TO 1400

DACOLRLD
0ACO1820
oACOLR3O
DACO1BAQ
DACO1350
pACOLIBGD
DACULBTO

DACO189C

DACO2200
DACU2210

IN YHE DIME EDIT PACKAGEPACL2220

DACO223¢
DACC2240
DAC02259
DACO2260
DACO2270
DACV2280
DAC02290
DACG2300
DACU2510
DACO2320
DAC02330
DACU2340
DACO2350
DACO2360
DACO23TO
DACO2380
DACO2390
DACU2400
DACO2410
DACO2420
DACO2430
pACU2440
DACUR2AS0
DACO2440
DACO2A4T0
DAC02A80
DAC0O24%0
DALO2500
DACO2519
DACO292¢
RACU2530
DAC02540
DACO255¢
DAL02560
DACO2570
DACY2580

THE FOLLOWING SECTION RFARRANGES THE QIRDER (0F SEGMENTB IN THE CHAIN TDACO3S90

PERMIT CHAINING AS CONE COMPNNENT FOR FIGURE EIGHT OR CHECKERBOARDAC02600

CONFIGLIRATIUNS, VIZ,

XXXXAAAL XXxx
X % X
X ¥ X
XRXXAAANXAKNXEXKX X
X X X
X X
X X
XXERAAXNKX

X X
X X
XX X
X
XXX¥ XXX

Xxx

XXX

X

X

AXAXAANXX
XX X
X X
XOAANAANUNAX

DAC02610
DAC2620
DACO2630
DACU26A0
DACU2650
DALO2660
DACO2670
DACO26R0
DACU209¢
DACU2700
0AC02710

ARE TYPES MF REGIDNS WHICH CNNTAIN ONLY ONE COMPONENT BUT WHICK TDAC02720
THE PROGRAM CAN INTERPREY AS HAVING TWO OR THRFE CLOSED CNMPONENTDAC02730

CLOSES = ¢

.COMPS = 0O

Ji = END ¢+ 1
101 = END

DACo2740
DACO2750

. DACG2760

DACO2TTO.
DACO2T7RO


http:DAC027.70

1300

1350

¢

1400

1999

2000

2010
2020
202s%
2030
20%0

29990

3600
3010
3020

3030

3100

DO {30¢ Ki = 1,EHDE
HEAD = ELIST(K1,3)

CO 1300 I = J1,NBLS

IF CELISTI(KL,3).EQ.ELIST(I ,2)) GO 1D 2000
CONTINUE

DD 1350 X1 = 1,ENDY

HEAD = ELIST(K1,2)

0O 1350 I = J1.,NBLS

It =1 + 4

IF (I,EQ.NBLS)Y Il © |

IF (ELYST(K1,3)Y.FEQ.FELISTCI ,3)3} 60 10 1999
COHTINUE

CLOSES =

COMPE = 1

END = END # |

BEGIN = END

HEAD = ELIST(BEGIN,2)

TAIL = ELIST(END,3)

G0 TO 1000

TEMP = ELIBT(I,2)

ELISTCI,2) = ELISTC(I.3)

ELIST(I,3) = TEMP

TEHMPY = ELYST(I,S}

TEMPX = ELIST(I,d)

ELIST (I,4) = ELIST €I1,4}

ELIST (I,5) = ELIST (1,5)
ELIST(I1,8) = TEMPX
ELIST(I1,5) = TEMPY

RVSLS = RVSLS + 1

END = END +

IF¢ END EQ, T ) G0 10 2050
D 2010 K=zi,S

HOLDERCKY = ELIS1CT,K)

TEHP = I

TEMP = .TEMP = 1

DO 2025 K=x{,5

ELYIST(TEMP+1,K) = FLISTCTEMP,K)
IFC TEMP 6T, END ) 6N TO 202a
0O 2030 K=zq,%

FLISTC(ENR,K) = HOLNDER(K)

YAIL = ELISTCEND,3)

GO TO 1000

TEMP = ELIST(I.,2)

ELIST(I,2) » ELISTCI,3)

ELYIST(I,3) = 7EMP

TEKPY = ELIST(I,5%)

TEMPX = ELTSTC(I,4)

ELIST (I,8) = ELIST (11,4}
ELYIST (I,5) = ELIST (11,5}
ELIST(I1,4) = TEMPX
ELIST(It,S) = TEMPY

Rv3LS = RVSLS + 1

END = END + 1

D0 3010 K=1,5

HOLDER(KY = ELISTC(END.K)
TEMP = ENP -
TEMP = TEMP = 1

D0 3030 Kz{,5
ELIST(TEMP+1,K) = ELESTCTEMP,K)
IPC TEMP _GT, BEGIN ¥ 60 TN 3020
IF( I LEQ, ENP ) T = REGIN
DU 3100 K={,5
ELIST(BEGIN,K} = ELIST(I,K)
ELYST(I,K} = HOLDER ¢K)-
HEAD = ELTST (BEGRIN,2}

60 TO 1000

END

0AC02790

DACo2310
DACG2820
QAC028390
DACV2840

DAC02840
DACO2870
DAC02a80
DACO289¢
DALUR900
DACO2910
DACO2920
DAC02930
DACy2940
DAC02950
DAC02960
DACO29T0
DACC2980
NACG299¢
DAEO3000
DACO30t0
DACL302¢
PACO3030
DAGU3040
DACOZ0%0
DAC03060
DAGO30T0
DACO3GND
DALO%090
DACO3L00
DALOTLLG
DACO3120
DACG3L30
DACO3140
DACD3150
DACO3140
DACO3170
DACO3L1ARO
DACU3190
DACD3200
DACO3210
RDACY32P0
DACO3230
DACD324¢
DAC03250
PACD3260
DAC03270
DACY3280
DACO3290
DACO3300
DALO3310
DACO3320
DACO3330
DACO3Z3I40
DACO03350
DACD3360
DAC03370
DACO33HO
DACO3390
DACOZA00
DACOZAL0
DACO3A20
DACO3430
DACoO3B40
DALO3450
DACOZHEG

OMGINAL Pl 1.

OF po

OR CQELAJ;PTET
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100

101

200

io

20

30

SUBROUTINE ADJUSTC NBLS, CX, CY¥, NODE )

ROUTINE T0 ADJUST RAD CENTRNINS
TO NEAREST NIDE

IHPLICIT ENTEGER (B=Y)
DOUBLE PRECISION ZMULY
COMHON ELYSTC 2000, S ), ZMULY

ND = 0

DD 101 T = 1,NBLS

DX = CX=ELIST(I,4)

DY = CY=-ELIST(Y,5)

AXY = DX % DX + DY & DY
IFC 1 LEG. 1 ) GO YO 100

IFC A LLT. AXY 3 &0 i) 101
A = AXY

Ho = 1

CONTINUE

IFC Hp  LE. 0 ) GO 1N 200
Cx = ELISY(ND,4}

CY¥ = ELIST(ND,S)

NODE = ELIST(ND,2)

RETURN

cx = ¢
cY = 0
NODE =0
RETURN
END

SUBROUTINE CALCC NSEG, AREA, CX, CY, MINX, MINY )

IMPLICIT INTEGER ( Bw¥Y )

DIMENSION  ELIST(2000.5)

COMMON  EL IS8T, ZHILT

DOUGBLE PRECISIUN ZMULT, ARSIX, Ay DX,DY, XI,v1, %2,Y2
DIMEHSINN AR2C10)
BEGIN = ¢

NAR = 0

Ax 0

DX = 0

oY = ¢

USE FIRST CONRBINATES TN REDUCE ALL OTHERS

MINX = ( ELISTCL,4) 7 10000 J 2 10000
MINY ® ( ELIST(L,5) /7 10000 ) = 10000
CHECK FOR MULYIPLE BOUNDARIES
NAR = HAR + 1
DO 20 I = RFGIN, NSEG
IFC ELIST(Y,1Y. ) 10.,20,20

END = I

6N TU 30

CONTINUE

END = NSEG

REDUCING CUONRDINATFS AND USE OF DOUBLE PRECISTON
MINTMIZES TRUNCATIOW AND ROUNDING ZRRORS, v
X1 & BELIST(END,4} « MINX

¥1 © FLIST(END,5) = MINY
DO 100 'K = BEGIN,END

X2 = ELISTC K,4) = MINX

Y2 = ELISTC K,5) =MINY

E=10

DAC03490
DAC03500
DACO3S10
DAC03520
DACO353(
DAC03340
DAG03550
DACD3540
DACO3STO
DACO35R0
DACO3590
DAC03600
DACO3610
DACO3620
DACO3630
DAC03640
DAC036%0
DACD3660
DACU36TC
DACOS6RO
DAC03690
DAC03700
DAGO3ITLO
DAC03720
DACO3730
DACO3740
DACO3750
DACU3760

DACO3Y90
DACO3800
DACL3810
DAC03320
DACU3A30

bAL03850
DACO3BAD
DACO3ATO
DACO3EB0
DACOZ890D
DACO3900
CACU3210
BACO3920
BAC0O3930
DACO3940

DACO3I9TO
DACO39R0
DACO3990
DACVE000
DACOAO10
DAGOAQ20
DACOA030
pACOA040
PACOADSO
DACO/NB60
DACOAOTO
DACOH0B0
DAC0A090
DACOALOO
DACOALLC
DACOA120
DACL4130
pACG4140
pACLALSO



Lo o ]

ooaOona

100

150
189

183
184

-185

200

300

500

A m A (X2eX1) & C(YI4Y2)

X1 = X2
Yi = Y2

CONTINUE
ACCUMULATE AREAS IN 'YARS!

ARS(NAR) z A
A = 0,0000000
COMPUTE CENTROID 0OF LARGEST AREA ONLY
BEGIN = END + 1
IFC END ,Lv, NSEG )Y 6pp TN S
BEGIN = {
AR = ARS(1)
IAB= |
A = AB
IF {NAR.EG.1Y GA 10 180
IF(NAR 6T, 10) GO T So0
DD 150 T = 2,NAR
A= A+ ARS(I)
IF{ ARS(T) LLE, AR § &R TN 150
AB = ARSCI)
IAB =2 I
CONTINUE
AREA = A a ZMULT
IFC A JE6. 0.0 ) GO TO S00
IF(HAR® ,ER, 1 ) 60 1O 200
K=
D 185 I = {, NSEG
IFC ELISYC(T, 1) _GE, 0 ) 60 1A 185
K= X + 1
IFCH w IAB 3}185,183%,184
BEGIN = ¥ + 1~
GO 10 185
END =
A E AB
Gn TO 2u0
CONT INUF
END = NSFG
A = AB
X1 ELIST(END,8)} = MINYX
Y1 .= ELIST{(END,5) = MINY
ARSIX = A a 3,0

NOTE THAT X1 AND Y1 ARE ALREADY s§B2Y

DO 300 K = BERIN,ENR
X2 & ELISTC K,4) = HINX
Y2 = ELISTC K,5) « MENY

DX = DX+ € ¥2 = Y1 ) & (X1aXD 4 XIaX2 & X2%X2 % / ARSIX
BY = DY # € X2 = Xt ) % (YLa¥Y1 + VIaY2 & ¥2aY2 ) /- ARSIX

Xf = X2

¥Yi = y2
CONTINUE
CX = DX + MINX

CY = «DY 4+ MINY

RE TURiY
cx =
cY =
RETURHN
END

= =]

E-11.

DACO4160
DALGALTO
DACOALRD
DACDAL90
CACOA200
DACoA230
pACO4220
DAGO4230
DACo4280
DACoaZSo
DACON2560
DACOAZTO
DACOARRE0
RPACUA290
DACOA300
DACOA310
DACYAN20
DAGUN330

DACUA359
DACOA360
DACD43TO
DAGONSEO
DALOA390
DACO4400
DACONAL0
DACONADO
DACONa30
DACOHAAG
DACOA450
DACOAAAD
DACUAATO
DACO4480
DACO4ASY
DACOASO0
DACUAS10
DACOAS20-
DACU4530
DACUSS4D
DACOASS0
DACUNSA0
DALUASTO
DACUHSR0
BAC 045G
CACDAGOD
GACDA610
DACOuL20
DACU4630
DAL OU640
DACO4650
BACOA660
DALOAGTO
DACUHGHD
DACON690
DACO4TO00
DACOAT1O
DACOAT20
DACOAY30
DACOAYAD
DAC0ATSO
DACO4THD
DALOHTTC
CACOSTRO
DACUATS0
DACUO4BOO
DACo4810-
DACONBZ0
DACOAA3D
DACouB40
DACOA830
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SUBROUYINE INSECT ¢ IXY, IND )
SUBROUYINE TN CHECK TWO LIME 8BGMENTS FOR INTERSECTINN

THE ENDPOINTS (0F FHE LINES ARE TRANSMITTEDR (INTEGER BINARYY
1IN THE ARRAY 7IXY' (FIRST 8 ELEMENYS) € XeY Xe=¥ X=Y X«Y )

THE VARIAGBLE 'IND! I8 RETURNED: 0 IF Nt INTERSECTION
wl IF LINES ARE COINCIDENT
#1 IF THEY INTERSECT
THE COORDINATES OF INTERSECTION
ARE RETURNED IN IXY(9) AND IXY{i0)

DIMEHSION TXY (10},%XY(R),3(2),PC2)
IND = ¢

X z 0

Y=0

2

RETURN. IF NI} INTERSECTINN PNSSIBLE
CRIISS PROPUCT CALCULATION

ACY- 3-IXY(L) - YAY(S)

ACY = IXY(2) « IXY(h)

ADX = IXY(L) = IXY(T)

ADY = IXY(2) = IXY(8)

BCY = IXY(3) = INY(S}

BEY = IXyead) = IXY(a}

BOX = IXYE3Y = IXY(7)

BDY = IXY(4) = IXY(8)
Al = (ACX & ADY = ACY x ADX}
A2 = (BEX % BDY = BCY 2 BOX)Y

IF { AL = A2 [GT, 0,0 }RETURN
R =2 CAGX & BCY = ACY * RCX) & (ADX a4 BDY = ADY + BOX)
. IF ( R- [GT, 0D.O0HREJURN
CHECK COLINEARITY
IFCAL,EG,0 JAND, A2,EQ, 0} 60 Tn 2220
CALCULATE INTERSECTION
R = 0.0
IF (Al NE, 0 ) Rz 1,/C1, + ABS(A2/A1))
X oz IXY(L} + CIXY(3) = IXYC(LD} & R
Y ox INYE2) +# (IXY(4) » IXV(23) & R
ROUND TGO NEAREST YNTEGER
IXY(91 = X + SIGN(.5,%)
IXYC10) = ¥ + SIGN(,5,Y)
TP ay
RETURN
COLINEAR CHEEK FOR QYFRLAP (COINCINFENCEEY

2220 IF (ACX #BCX JLT. 0} IND = wt

IF CADX #BDX LT, 0} INDm =%
RE TURN
EHD

E-12 -

DACO5610
DAC05620
DACO5630
DAC03640
DACO9650
DACU5640
DACOS&TO
DACOS6R0
DAC05690
DACOS700
DACO5710
DACO5720
DACOS5730
DACOST740
DACOSTS0
DACO5T60
DACOSTT0
DACUSTAQ
CACO5T90
DACOSE00
OACOS810
DACOS820
RACOSEZ0
DACO38A0
DACUS850
DAC05860
DACOSATO
DACOSAA0
DACOSB9Q
DAC05900
DACOS5910
DACO5920
0AC05930
DACO5940
DACO5950
DACV5960

.DACO5970

DACOS5980
DACO3990
QACU6000
DACO6010
DACOBO20
DALU6O03D
DACa6040
DACOAROSC
DACO6060
RACO60TO
DACOGCRO
DACOGGYO
DACOGLOD



OO OMONnD

MOS0 O0000

1000

2090

CHECK
c

. -2!‘ 10

I

IcHECK
iC

2400
C
CHECK
€

2500

3000

SUBROUTINE POLYPT  (Ny NXp NY, IND, MINX, MINY )

ROUTINE tn DETERMINE WHETHER A PDINT IS

WITHIN A POLYGON

THE POLYGON BUUNDARY SEGMENTS ARE IN ELYST(I,43), ELIST(I,S5)

THE HHMBER 1IF SEGMENTS I8 TN!

FINDY IS RETURNEO! +t IF PT, IS TNIINE

0 IF PBT. I8 ON THE BOUNDARY

-1 IF PT, I8 NUTSIDE

DIMENSION LXY(10),ELIST (2000,5)
CuMMON  ELIST, ZMULT
IWTEGER ELIST
DUUBLE  PRECISINN  ZMULT
IX & NX « MINX + 1
IY = HNY = MINY + 1
IND =2 o
IRNDX =0
XX=100000,
KOUNT = KOUNT + 1
LXY(L1Y = o
LXY¢2Y = 1y
LXYE3Y = Tx
LXY¢ay = 1y
LXY(?) = ¢
LXYC10)= ¢
IT =
GG TO 2v00

DACU4BA0
DACO4R90
2AC0A900
DAC04910
DACO4920
DACG4930
DACOA9A0
DAC0A950
DAC04960
DACO49T0
DAC04980
DACUA999
0AC05000
DACOSOL0
DAC05020
DACG5030
DACO5040
DACA5050
DACO5060
DACO5070
DACU5080
DACO5090
DACOS100
DACOS110
DACG5120
DACO5130
DAC05140
DACO5150
DACG5160
DACU51790
DACUS180

ORAW A LINE FROM THE PDINT T0O THE Y~4XI8 AND COUNT THE NUMBDACO05190
0DD IS INSIDE,EVENDACOS5200

OF INTERSECTIONS WTTH BRUNDARY SEGMENT

NUTSILE

IF AN TNTERJECTIFIN NCCURS AT A NNDE

CHANGE THE Y CIARDINATE AT THE AXIS AND START QVER

IT = IT + 1

LXY (2} = LXY (2} + IY/I0 + 1

IF ¢IT,G7,.5) RETURN

INDX = ¢

D3 3000 I = 1,N

TL =1+ 1

IF (J.EQ.NY Ii = 1

LXY (5Y = ELIST(TI ,4) = MINX + 1
LXY (6} = ELISTLI ,5) ~ MINY + 1
LXY €71 x ELISTCIL,3) = MINX + 1
LAY (8) = ELISTLTL,5) « MINY + 1
FOR PT AT & NOIDE

DO 2110 L=2S5,7,2

IF (LXY(LI EQ IX,AND L XY (L+1),EQ,IY) RETURN
CONTIHUE

CALL INSECTC LXY, INT )

IF (INYY 1000,3000,2400

FOR BT, NIN DILNVARY
AF (LXY(91.EG.IX;ANB}LXT(!Gi;En,lv) RETURN
FOR INTERSECTION wITH A ‘CORNER

DN 2500 J=6,8,2

TRCILXY () LWF, LXY(J=1} '3 GO TH 2500
IF (LYY (1oy JEQLXYCISY)  +6Br TR 1000
CONTIHUE

INDX = INDX +

CONTINUC

IHD = g

IFCCINDX/2) a4 2 JEQ, INDX 3 IND = =f
RETURN

EHD

ORIGINAL, ppgy, o

OF POOR qQuarpy

E-13

DACU5210
DACUS220
DACOS230
DACOS240
DACU5250
DACO5260
DACO5270
DACOS280
DACU5290
DACOS5300
DACO5310
DACO5320
DACO5330
DACO5340

DACO5350
DAC0S360
DAGOS370
DACUS3H0
DAC05390
DACOSA00
DACO54:10
DAC05420
DAC05430
DACOSAAD
DACOSAS0
‘DACO5A60
DATUSATO
DACBAR0

‘DACOSA90
DAC05500

:DAGO5S5 10

DACO5520
DAC05530

'DACO5544
DACO5550
DAL03540
DALOSSTO
BACUS5R0
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100

a0

200

20

BUBROUTINE REFMT(NBLB,KEYS .

IMPLICIT INTEGER CAwZ}

DIMENSION ELISY€2000,53

COKHON ELIST

KEY13KEY/10000

KEY28MODCKEY 10000}

WRITE(13,100) KEY1,KEY2

FORMAT(1X,215)

XMINEELIST (L, 4)

XHAXEELIST (1 ,4)

YHINSELIST¢1,5)

YHAX®ELTIST(1,5)

by {0 Jz2,NBLS

IFOXMIN,GT ELTST(J, 40} XMINSELISTCJ,4)
IF(XHAX.LT.ELIBT(Jfﬂli XMAXDELYIST(J4)
IFCYMIN,GT FLIBTCJ,5)) YMIN®RELYST(J,S5}
IFCYMAX LTLELIBTCJ,SH) ¥MAX=ELIST(J,8)
CONTIHUE

HRITEC15,200% XMIN,¥YMIN,XMAX,YMAX,NBLS
PORMAT(419,15)

Ha2=0

MK&NBLS

CUNTINUE

MiwH2+]
M2x112+4
IF(HMK LT, 4) MR=NBLS

.~ NRITE(13,500) (ELISTCH,43,ELIST(K,5) HrK1, M2}

500

Lto0-
1200°

1300
1900

1450
C
1500

FORHAT(4(219%)

HK2HK 4

IFCHK GE, D) 6f TO 20
RETURN

END

SUBROUTINE ADJNCY (NBLS, KEY.LIST }

ADJACENCY LYST

*DIMEHSINN LI8T(2000)

-BATA HOUTS /12 /

TNEND = NBLS = 1

DO 1200 Y = 1, NFND

“LF¢ LISTC(YY LT, 0 % &0 T 1200

HEXTs I & i

v o= LISTCI)

.+ UNDUPLICATE _LIST
b 1100 J = NEXT, NBLS -
IFC LISTCI) LEG, N § LIST(IY = -1

_ CONTINUE

CONTINLUE

- PRINT AND CRRY LIST

"WRITE(&y 1300 ) KEY

FORMATC 1o LIST OF ADJACENT AREAS FOR'. ILLAY,

DO 1500 I = 1, NRLS

IFC LIIT(1) LLE. © Z Gl Tt 1500
WRITE(6,1200) LIST(Y

FORMATC 50X, I11
WRITECHNUTS 1450 ) KEY, LIST(IY
PORMAT( 2115 }

CONTINUE

RETURN
END

E-14

DACO6130
DACOA140
DACOG LSO
DALOL160
DALOG1YD
DACO&1IAB0
DACO&190
DACO&200
DACOA210
DACO&22O
JAC06230
JAL0624A0
JALO0&ZS0
dAC06260
JAC06270
JAC06280
JAL06290
BACO6300
JAC06310
2AC06320
JACD633)
YAC06340
YACOA3ZS)
IACD6T60
JACUASTO
JIALOLSED
YACD6390
JAC06A00
JACD6AL0
IAL06A20

DACO19L0
DACO1920
DACO1930
DAGO1940
DACO19%6
DACOL960
DACO1970
DACOLI9RO
DAGOLI990
DACO2000
DAGO2010
* DAGO2020
DACO203%0
DAC02040
DACD20S0
DACO2060
DAGO20TO
DACD2080
DALG20990
DACO2i00
DACO2110
DACO2120
DACO2130
DACO02140
DALO2LSD
DACO2160
DAC02170
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APPENDIX F

SAMPLE OF AN APL FILE DUMP



(FREAD 13 1)014;(163,56]
260 268 224 96 47 41 61300000

(igsnu 12 14)03(16),56]

3 27

43 45 3
43 37 28
76 115 65
44 23 5&
(FREAD 11 62)03(15).56]
4 5 i
6 2 1
3 4 3
7 | 1
4 3 4
3 2 5
? & 5
2 5 &
5 3 5
2 1 0
1 2 1
1 2 1
1 o 1
2 4 i

.

OO CI IO G Gt ) 6o C

[ S U

Ohvlan &0 <)

c:ac::r—-:—-cacycqr-mr:rscnc:)h.)c::c-

WD Q0 b s

(DCDQCDCDHCDCDC)CDHMDCD

61301800
61382300
61383000
61304000
613850609
61362010
61202020
61302030
61302840
61362059
61302053
61302070
61302060
61302099
61302100
61302110
61302140
61302150
61302160



C

\3 FREAD 2%
_ 61302
706576
765243

TEEI54

_708742

788774

7064049

796445

_7Ee535

706443

760165

_7980585

76443

ORI
706433
T0R3I64
705607
TH5655

-~
LT

£=d

>~
' |

1

<.

-J
c>
U

-3
oo
a

ALITVOD 9004 g0
T EHVA TVNIDIG
ENEN BN N | *\l"\] S LN |

~EEO A2 o PO Gy Ul N Cd
Bt RF b VLY OO ) e 10 S
VA QTN L G b Ga () D

3OO IO
NRGIGI JilTJdTm

<
L&l
on

N
Q0

L

705262
705715
708732
705578

62
- 613452
1513748
1513758

11514115

15140359
1514432
1514437
1514523

n
b
3

i QRCUUT ) I SR N |
Y CACDUNCU S M O U 2a DO Ul A

SN ORI DI - T da = S LITDO b= S e (03 Do (7 Tt =

- N S S

TP R Y R - b 1T 003 P e 1) Oy -

Prms feads i fard fmd frd for i et e pun [k ks foetes et e

U PO S SRS NN LY IV S

Botee ok Jush prms

[ B A T ol e i S R R e e e A el U S SR S0 S P Lo Ty o
o La U e -,

(RIS R REI RS I R LRI AW) RN NAIES) RWL DRY R4 RN MO EWO RUL RE ) BG4 LS

Pols ford pmim
b e OFY
bt e [ (o,

O s

1514629
1514341
1515285

§51387%

_70E538
705578
705182

1513434
1513875
15135898


http:15137.58

FPEAD 22 &2

276278 279
O Q
o5 . FRERD 23 62
S8 287 289
s
Sr
4 FRERD 24 275
HE  _ 615 58134
708653 1513359
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