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Processing of Map Information in a Minicomputer

Oscar Garcia
(Under the direction of Jerome L. Clutter)

Abstract

The documentation for a computer system called MAPS (Map Assembly and Processing System) is
presented. MAPS is a package of 18 programs that can be used for input, processing and display of land
classification maps and associated numerical information. The programs are written in BASIC for
execution on a Wang 2200 minicomputer with 8K of core memory. In addition to the Wang 2200 C.P.
U., a graphics terminal, a digitizer, two cassette units and a printer are used by the system. Currently,
hard copies of output maps are obtained on a CALCOMP plotter driven by magnetic tapes produced on
an IBM 360-370 to which the Wang 2200 communicates via telephone line. The present system has
limited capacity for the automatic handling of overlays obtained by superimposing separate source
maps. A conceptual design for a system with full overlaying capability is presented in an appendix.

MAPS uses the polygon method to obtain a computer representation of a map. With this method, the
map is considered as a partition of the plane into regions delimited by boundaries that are approximated
by polygonal lines. The sequences of vertices of these polygonals represent the map in the computer.
Arcs -- pieces of boundary that separate two regions -- are the basic units or building blocks for the
system. The system can produce maps consisting of any subset of the arcs of the original map.
Specifications for map preparation may be conditions on numerical data associated with the regions of
the base map. In general, processing of a source map will involve a map data file and a numerical data
file.

The functions of MAPS include the following: entry and editing of maps; computation of areas; entry,
editing and processing of numerical data; sorting of numerical data; selection and display of regions
satisfying some specified logical condition concerning the associated numerical data; generation of maps
obtained by grouping regions of the source map in classes defined by the associated numerical data;
superposition of maps; general geometrical transformations of maps.

The appendix on overlays describes algorithms for adjusting for closure errors in the region boundaries,
finding intersections between arcs, and recognizing regions formed by intersection.
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PREFACE

There seems to be a need for a relatively inexpensive and easy to
use computer system for manipulating informaction from maps (5). As a
step in this direction, a system called MAPS (Map Assembly and Processing
System) has been developed. It can be operated at low cost in a mini-
computer. The documentation for MAPS is pregsented in this report.

The present system has limicted capacity for the handling of over-
lays. Specifically, it does not detect intersections in a composite
map obtained by superimposing two separate source maps. A couceptual
design for a system with full overlaying capability is presented in
Appendix 2.

It is hoped that some of the ideas coatained in MAPS and the
concepts presented in Appendix 2 will be useful for the improvement

of existing systems and in the design of new procedures.
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CHAPTER I

OVERVIEW

Introduction

The MAPS system is a set of programs for inmput, processing, and
digplay of maps and associlated numerical information. It uses the
polygon approach as opposed to the grid approach. That is, the map is
considered as a partition of the plane into regions delimited by
boundaries that are approximated by polygonal lines. The sequences of
vertices of these polygonals represent the map in the computer.

The system has been implemented in BASIC language for the Wang
2200 minicomputer with 8K of core memory. The peripherals used are
two cassette units, a Tektronix 4010 CRT terminal, a Texas Instruments
terminal used as a printer, and a Numonics digitizer. Currently, hard
copies of output maps are obtaimed on a CALCOMP plotter driven by
magnetic tapes produced on an IBM 160-370 to which the Waug 2200
communicates via telephone line.

As already meationed, the input map consists of a set of regions
(oot necessarily connected). Associated with each region is an identci-
fication number. A node will be defined as a point at which three or
more regions meet. Anm arc i{s a pilece of boundary between two successive
nodes. A very loog arc may be subdivided by the system, or by the user,
into several parts in which case each part is an are. Arcs are the
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basic units or building blocks for the system. MAPS can produce maps
consisting cf any subset of the arecs of the original map.

Specifications for map preparation may be conditions on oumerical
data associated with the regions of the base map. Programs for input,
editing, and manipulation of these oumerical data are included in the
system. In general, processing of a source map will gemerate a map data
file and a aumerical data file. A file may be coantained in any number
of casgettes, so that there is no limit on the number of arcs or regions
that can be bandled. Up to 28 variables can be defined in a numerical
file.

Although wvritten primarily for processing maps, many of the programs
contained in MAPS may be useful in other applications. The programs
for handling the numerical data files constitute a self-coantained
numerical data base management system and cam be used, for example, for
preparing data for statistical analysis. Several of the programs for

map data can be used for any kind of line drawings.

Map Input and Editing

Program MAPIN is used to enter and edit amap data. The map is
digitized in continuous mode, one arc at a time, with each arc identified
by the numbers of the regions at the left and at the right of the arc
(consider the exterior of the map as a region). The program coatains
an algorithm that selects for storage and subsequent processing oanly
those points necessary to easure an error not greater tham a prescribed
limic {n the polygonal approximation. An arc may contain up to 58
points. Longer arcs are subdivided into several arcs by the program.

At input time, the area between the arc and the x-axis is also computed
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for use by other programs which compute areas of regions. 4 line code
for selecting different pens in drawing the arcs in the plotter is
assigoned.

In the output cassette the first record i{s a header that contains
the name of the file, cassette number, comments, and other informationm.
For each arc, the arc identification, area, lime code, number of
coordinates, and the coordinates, are stored in packed format in onme
physical record. The cassette is closed by an end of file record.
There is space for 298 arcs in each cassette.

In edit gsode, the program makes available a couprehensive se: of
commands for modifying the information {n the header or in any arc, aand
for finding, displaying, listing, deleting, or adding arcs. After
deleting arcs it is convenient to use program COMAP for compressing
the file (i.e., eliminating the unused spaces in the tape).

Map files or numerical files to be processed by a MAPS program
must start at the beginning of a cassette. Program COPY transfers files
from any position in a cassette to any position in another cassette and
can be used to duplicate files or to store several small files in the

same cassecte.

Numerical Data Handling

Program NUMIN is used to enter and edit numerical data. The daca
consists of any number of observaticus on up to 28 variables. In a
mapping application, an observation contains the data associated with
one region and one of the variables is the region identification number.
The variables are identified by alphanumeric names.

In the output cassette the first recor? {s a header containing the



name of the file, cassette number, comments, number of variables, and
uu!nbet of observations in the cassette (with an fndicator showing whether
or not the file continues in another cassette). The second record
contains the name list for the variables, and the observations follow,
occupying one physical record each. The cassette is closed by an end of
file record. There {s space for 297 observations im each cassette.

Edic sode of the NUMIN program provides a set of commands for
modifying the header and names of variables, and for finding, listing,
changing, deleting, or adding observations or variables, After
observations have been deleted, program CONUM is used to compress the
file.

Program COPY can also be used with numerical files to duplicate
files and to store several files in the same cassette.

Program PRONUM is a flexible tool for processing and manipulating
datz files in several ways and either generating a new file or simply
displaying the results. Variables can be added or deleted. A user
supplied subroutine performs the desired cocputations for transforming
variables, and/or generating new variables. Observations can be
deleted or several observations can be generated from one observation
in the original file. PRONUM can also be used to select a subset of a
file or to concatenate several files.

Program SORT orders the observations according to increasing values
for a given set of variables. Up to 297 observations (one cassette) can
be accommodated.

Program SELECT can be used to find which observations satisfy a
user-specified condition on the values of the variables. This program

is discussed in more detail in rhe next seection.



Map Processing

Program AREA computes the approximate areas of all the regioms in a
map data file. It can also incorporate these values into the corres-
ponding numerical data file as a new variable. The errors seem to be
typically of about .01 - .l square foches. More accurate areas can be
obtained directly from the original map with a planimeter or by using
the digitizer and program PLNMIR.

Programs SELECT, SELECT2, and SELIST construct the subset of base
map regions containing ounly those regions that satisfy some condition
on the values of the variables. SELECT uses the condition to interrogate
the numerical file and produce the list of regions to be included in the
subgset. This list is displayed and stored in a comron area in core.

The condition for selection of regions is specified as a logical
expression that may contain names of variables, comstants, and arithmetic,
relational, and logical operators. This expression is interpreted by

the program and evaluated for all the regions. All regions for which

the values of the expression are true are included in the list.

SELECT has the optional capability to call the program SELECT2 which
displays and/or produces a file with the map of regions focluded in the
lisec. It also gives the combined area of the selected regions. The
internal boundaries of the selected subset may be included if desired.

If they are included, their arcs are identified with a different line
code so that they can be plotted {mn a3 different color or different line
thickness, if desired. Program SELIST is used to enter a selection list
directly. After entry of the list SELIST then loads and executes SELECT2.

Program DISPLAY is similar in function to SELIST plus SELECT2, but



it only displays the map without producing a new file. DISPLAY can
also be used to display the entire map without the specification of a
Iise.

Programs TRANS, TRANS2 and TABLE are used for processing of a more
general nmature. Given a source map, these programs can produce any
map that can be generated by combining regions of the original map.
Program TRANS accesses a user-supplied subroutine to compute new
identification numbers for the regions from the data in the numerical
file. The old and new identifications are stored as a table in a common
area in core, and program TRANS2 1s loaded and executed. TRANS2 produces
the newv map by changing the identification numbers and eliminating ares
that now have the same region number at both sides. A simple example of
the use of TRANS 1s preduction of a2 map showing the distribution of the
values of some variable that takes on only a small aumber of values. This
13 accomplished by replacing the old region numbers with the values of
the variable. Other applications involve the computation of some index
as a function of several variables and subsequent use of the index as
the new identification number. Program TABLE is used to directly enter
the table that specifies the transformation from old to new identification
aumbers. After entry of the table, TRANS2 is automatically loaded and
executed.

Program PROMAP provides the capability to access a user-supplied
subroutine for doing any processing not pogsible with the programs
discussed above. [t gives access to all the informatioa about the
arcs, making possible, for exawmple, geometric transformations such as

thanges of scale and cartographic projections. As in PRONUM, arcs can
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be deleted or several arcs can be generated from the original ome. With
the subroutine omitted, PROMAP can be used to concatenate map files,
changing the line codes Lf desired. This makes possible the super~
position of several maps with each original map displayed in a different
line type.

Finally, program PLOT provides communication between the Wang 2200
and the University of Georgia IBM 360-370. It transmits the map data,
and controls the execution of a FORTRAN program that prepares the
ingtruction tape for the CALCOMP plotter. Several maps can be trans-
mitted and stored for processing by the FORTRAN program in the same
IBM job which then produces only ome plotter tape. The scale can be
selected at transmission time and the selection of plotter pens is
controlled by the line code of each arc. This program is considered to
be a temporary component of the MAPS system and will be replaced by
a program for controlling a plotter directly connected to the Wang

vhen such a plotter becomes available.



CHAPTER II

GENERAL DESCRIPTION

MAPS i3 a package of 18 programs, written {n BASIC for che WANG
2200. The programs operate i{n a conversational way, displayiog instruc-
tions, and prompting the user for {nput and selection of options. Omce
the user familiarizes himself with a program, reference to the written
documentation will seldom be necegsary. Use of the system is simplified
i€ special function keys 0, 1, and 2 are labeled as "ENTER", "DROP", and
"EXIT", respectively.

In order to reduce searching and loading time, and in some cases
to increase capacity, the programs have been compressed by a Wang
utiliry program (9) to eliminate remarks, unnecessary blanks, and un-
referenced statement numbers. The programs are contained in cwo cassettes.
The first cassette contains MAPIN, COMAP, AREA, PROMAP, TABLE, TRANS,
TRANS2, DISPLAY, PLOT, and PLNMTR. The second contains NUMIN, CONUM,
COPY, PRONUM, SELIST, SELECT, SELECT2, and SORT (all the programs
secessary for processing numerical data are in this cassette). In each
cassette, the compressed programs are located first, followed by the
source (uncompressed) programs, in the same order. An S has been added
at the end of the program names listed above to form names for the
correspouding source programs. Both the source and the compressed
srograms are listed in Appendix 1.

The following hardware items and device addresses are used in the



MAPS system:

Address

00l
005
104,108
25A
01D

019,00

Item

Wang 2200B Central Processing Unit with 8K memory
and Matrix ROM.

Wang 2222 Alpha-Numeriec Typewriter Keyboard.
Tektronix «J10-1 Computer Display Termipal.

Wang 2217 Single Tape Cassette Drive (2}.

Numonics Digirizer, Model 224-112.

Texas Instruments Silent 700 Terminal, Model 733 RSR.

UDS Acoustical Coupler.



PROGRAM "MAPTN"

PURPOSE.

Input and editing of map data,

USAGE.

Basic operating instructioms.

Load and run the program. The printer should be on. Follow the
directions supplied by the program, and select options when required.

The program can be operated in either input mode or edit mode.

a) Input mode.

When requested to do so, enter the file identification name, and
any comments or additional information about the file.

Several options for scaling the map on the screem are available.
The scale factor entered at this point controls only the size of the map
on the CRT screen. An edit mode command is available for making sub~-
sequent changes in this scale factor.

As the operator traces map segments with the digitizer, points are
sampled continuously at a rate of one to three points per second. A
"thinning" procedure is used for selecting and retaining only those
points needed to approximate the map withian a prescribed limit of error.
The "maximum error for thinning" is the maximum distance between
non-selected sampled points and the polygonal joining the selected

1
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points. A reasonable minimum value for this quaatity {s the resolution
of the digitizer (.025"). Larger values are appropriate in many
applications.

The map is entered ove arc at a time, In any order. The digitizer
should be in continuous mode. When "ARC ID?" {3 printed by the program,
position the digitizer stylus at the initcial point of the arc and enter
from the keyboard the numbers of the regions at the left and right of
the arc, separating these by a comma. A "beep" indicates that arc-
tracing can begin. Subsequent beeps signal when points are accepted
by the thinning procedure. it the end of the are, push the HALT/STEP
key, and then the "ENTER" (special function key 0) and RETURN keys.

If a mistake has been made, push the "DROP" key (special function key
1) instead of "ENTER". The arc will tben be ignored (but not erased
from the screen).

To ead the entry of ioput, push the "EXIT" key (special function
key 2). The EXIT key can also be used to terminate the program at any
time (in f{oput or ic edit mode). Termination closes the file and resets
the input/output addresses to the standard devices. This may be useful
for continuing input after receiving an error message from the system.
In this case, rerun the program and eanter the remaining data using the
edit mode.

A long "beep” during arc-tracing indicates that the waximum of 58
points for an arc has been reached. When this happens, keep the stylus
stationary until the previously entered points are saved on tape and a

beep indicates that tracing of the rest of the arc can be continued.



When the user selects edit mode, the tape 1s immediately positionmed

it the first arc. The following commands are then available:

MAP. Dravs on the screen all the arcs from the current pcsition
to the end of the tape. The tape then remains positiomed
at the last arc.

LIST. Lists the arc {identification, area under the are, in
square inches x 106. line code, and number of coordinates
(twice the number of points), for all the arcs from the
current position to the end of the tape. The tape
remains positioned at the last arc.

INPUT. Sets the program in imput mode and positions the tape
for inclusion of additiomal arcs at the end of the
currently existing file.

NEXT. Positions the tape at the next arc.

BACKSPACE. Backspaces the tape one arc. After DELETE, the tape is
backspaced two arcs (see below).

REWIND. Positions the tape at the first arc.

FIND. Requests an arc identif{cation, and positions the tape
at the first arc, located at or subsequent to the
current position, that separates the specified regions.

PRINT. Prints the arc identification, area under the arc, line
code, and number of coordinates, for the arc at which
the tape is positioned. The tape remains at the same
position.

SHOW. Dravs the arc at which the tape is positioned. The tape
remains at the same position.

CHANGE . Provides the capability for changing the identi{fication
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andfor line code of the arc at which the tape is positioned.
The tape remains at the same position.

DELETE. Deletes the arc at which the tape is positioned. The
tape remains at the same position (at the preceding arc
for the effects of BACKSPACE).

HEADER. Provides the capability for changing information in the
header record: file name, cassette number, screen scale
factor, maximum error for thinning, comments. The tape
is positioned at the first are.

END. Terminates the program. The same effect i3 achieved by
pressing the "EXIT" key.

Command names Iin edit mode are recognized by the program by their

first character only. They can be abbreviated in any way so loag as the

first character is unchanged.

Additional information.

The primary cassette unit is 10A unless othervise designated by a
previously entered SELECT comzmand.

The file identification may contain up to 16 characters. Characters
beyond the 16th are ignored. If the file identification contains commas
or leading blanks, it must be eunclosed in quotes (the quotes are nmot
considered to be part of the idmtific-atiou). Imbecded blanks are valid
characters. Comments can contaim up to 64 characters (ome line). The
same rules mentioned above about use of quotes are valid here, and _in
geperal, for eatry of any alphanumeric information. The file identifi-
cation and comments are displayed by other programs usiog the file.

Three ootions are available for scaling the mao on the CRT screen.



15
The full screen scaling option uses the coordinates of cormers of the
source document to compute the largest scale factor that will still
permit the full map to appear on the screen (the same factor is used
for vertical and horizontal scaling). The "standard” scaling option
uses a gcale factor of 32 screeu unfts/map inch. This scales the full
digitizer range (264" x 26") onto the full screen. The third alternative
permits specification of a scale factor from the keyboard. The screen
dimensions are 781 x 1024 screen units (approximacely 140 screen units/
screen 1ach).

As the user moves the digitizer stylus, the program samples data
points at a rate of approximately 3 poiats per second. The thinning
procedure generally accepts only some of these points for inclusion iIn
the discrete point model of the arc. Poiants retained are selected so
that the perpendicular distance between any rejected point and the
polygonal joining adjaceat accepted points is always less than the
specified "maximum error for thisning". After a point is accepted,

3 delay of approximately one second occurs before the sampling rate of
three poiats per secound is resumed. The coatinuous sampling mode can

be overridden at any time by switching the digitizer to discrete mode
and entering points using the digitizer "SEND" switch. The change is
most easily accomplished after entering the arc ID. The digitizer should
be reset to continuous mode before pushing HALT/STEP. Alternatively,

the digitizer can be kept in discrete mode, but the SEND switch should
then be pressed twice for the first point of the arc and once again

after pressing HALT/STEP.

The region ideantification numbers can be any positive or negative
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integers of up to seven digits, or zero. The lime code {3 set to zero
by the program.

A single cassette has a maximum capacity of 298 arcs. As many
cassettes as necessary can be used to hold data from a single source
document. The program signals the operator when a cassette is full
and provides instructions for mounting a cew one.

The aumber of arcs indicated when eatering edit mode includes any
arcs deleted unless the tape has been compressed with program COMAP.

In edit mode, a statement that the tape is positiomed at am are, actually
wmeans that part of the data for that arc has been read iato core and the
tape is positioned at the end of the arc record(s).

The file produced by MAPIN is organized as follows. The first
record coatains 6 fields: file identification (alphanumeric of length
16), cassette number, number of arcs in the cassette (with a minus sign
if the file continues {n amother cassette), screen scale factor (in
screen units per .01"), maximym thinning error (in hundredths of an
inch), and comments (alpbanumeric of length 64). Subsequently, each arc
occupies one record, with omne .'alphanmeric field of length 16, and 4
alphanumeric fields of length 58. The first field coutains (in packed
format) the left and right regions (arc identification)-—each in format
(+82§408#), area under the arc (in square inches x 10“)—foma:
(+##08388), line code--format (+###), number of coordinates--format (###4).
The fields of length 58 contain the coordinates, in hundredths of am inch,

in the order x IR ZUREEY and format (#£#04). A system end of

1- ylo xz

file record follows the last arc record on the tape.
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METHODS .

Ag an arc is traced with the digitfzer, the program ceceives a
sequence Py, P,y -+0v Py of points. The "thioning” procedure uses the
given "paximum thinning error”, £, to select a subsequence with the
following property. Lf Pr has been selected, the next point selected 1is
Py if, and only if, s 19 the largest integer (less than or equal to na)
such that the distance between Py and the line joining Pr and Pq i3 less
than €, for all 1 between r and s. The end pcints of the arc are always
selected. Selected points are retained by the program for subsequent
processing.

As coordinate pairs are obtained from the digitizer, they are
examined to determine which points should be retained and which should
be discarded. The basis of the thinning algorithm is cthe consideration
that each Py (r<i<g) counstrains the next point selected, Pgr toO lie
inside the cone delimited by the tangents through pr to the cirele with
center pi and radius €. As additional points are examined, the feasible
set for Py is the come formed by the intersection of the cones for all
the points between gr and Pg* For each point, the feasible set is
determined as the intersection of the previcus feasible set with the
cone for the poiant being processed. This point is discarded if the next
point is inside the feasible set. If the next point is ocutside the
feasible set, the paint is saved and becomes P in the next iteracion
of the algorithm. The procedure is illustrated ia Figure 1.

In the computer formulation of the thinming algorichm, cones are
defined by the crigonometric tangents of the angles between the boundary

lines of the cone and the x-axis (in Figure 2, tan 8, and tan 8_). At
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Figure 1

I1lustration of Thinning Procedure

Figure 2

Feasible Cone Defined by Poine Py
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any step in the process, the current feasible set is defined by U and
L—the tangents for the upper and lower boundaries, respectively. To
determine if point P, = (xt.yi) is inside the feasible set, the tangent
of the apgle & between the line joining pr and pL and the x~-axis is

computed as

yt-yr

l:i.-xr

T=tan & =

If T>0 or Ts<L, Py is not inside the feasible set, so that Pt—l is saved
and the procedure is restarted with r=i-1. If L<T<T, Py is inside the

feasible set, is discarded and the feasible set is updated by

Pyl
letting U equal the minimum of the current U and tan 8+ for Py and L
equal the maximum of the current L and tan é_ for Py (Figure 2). These
tangents are computed as

tanf+tand - T+ P
l-tanf*tan¢ 1 - TP’

tan 6 = tan (&+¢) =

tan6-tany _ _T - P
l+tan8*tand 1+71P

tan O_ = tan (8-¢) =

€
d"-¢

2 2 2
wvhere P = tan ¢ 5 d (xi-xr) + (Yi'Yr) .

The formulas require all the angles to be in the first and fourth
quadrants, or all in the second and third quadrants. To ensure this,

point Pt ig taken at a distance from P, Sreater than §, and a rotation

of coordinates by 90° is perforued if |y (Actually,

Hl-yrl>|xr+l-xr|'
the coordinates are not changed, but a different set of formulas is used).

2 must be greater than or equal to (4+2/7) cz;

It can be shown that §
¢52=‘7e2 vas adopted.
A schematic flowchart for the thinning procedure is presented in

Pigure 3. The program iterates until execution is suspended by pressing
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the HALT/STEP key. Execution is resumed by pushing the "ENTER" key and
the RETURN key. The program then saves and displays PJ. computes the
area ynder the arc, and saves the arc data on tape.

Another aspect of MAPIN that requires some explanation is the
operation of the DELETE command. The procedure for deleting an arc makes
use of the first two bytes in the physical records which normally are
used only intermally by the Wang system. The first byte {s a hexa-
decimal 81 if the record is the last physical record of a logical
record or a hexadecimal 82 otherwise. The second byte is used for
oumbering the physical records within the logical record.

To delete an are, the first byte of the previous physical record
i3 changed to hexadecimal 82, and the second byte of that record is
added to the second bytes of the physical records corresponding to the
arc to be deleted (an arc may be using wore than one physical record
due to previous deletions). Thus, the arc is not really eliminated
from the tape but is made inaccessible tc the programs since it
becomes part of the previous logical record.

After deletion, the deleted arcs are still using space on the tape,
and the number of arcs recorded in the header record is not updated
gince that number is actually the number of physical records used.
Program COMAP eliminates the unused space by transferring to a new
cassette only those physical records with a one in the second byte,
changing the first byte back to 81 if necessary. COMAP also updates the

oumber of arcs in the header record.



PROGRAM "'NUMIN"

PURPOSE.

Input and editing of aumerical data.

USAGE.

Bagsic operating imstructions.

Load and run the program. Fcllew the directions supplied by the
program and select options Whem requested. Output can be obtainmed
from either the CRT (screen) or the pi:inter. The user must select

either input or edit mode.

a) Input mode.

When requested, enter the file identification name, and any
comments or additional informacion about the file. Variables are
designated by alphanumeric names of 8 characters or less. The user
wust enter the nawes, separated by commas.

To end the entry of input, push the "EXIT" key (special function
key 2). The EXIT key can also be used to terminate the program at any
time (im fnput or in edit mode). Terminacion closes the file and
reselects the CRT as the output device if the printer was being used.
This may be useful for coatinuing input after receiving an error messag
from the system. In this case, rerun the program and enter the

remaining data using the edit mode.
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b) Edit mode.

When the user selects edit mode, the tape is {mmediately positiomed

at the first observation. The following commands are then available.

LIST. Lists all observatiomns from the current tape position
to the end of the tape. Inclusion of the observation
oumbers in the list is optiomal. A specification of
variables to be listed must be provided when requested.
If "ALL" is given as the specification, all variables
are listed. In either case, an empty line is pecessary
to indicate the end of the list of variables. The data
are listed in 4 (or less) columns. For more than 4
variables, the values for each observation are printed
in several lines. After listing, the tape remains
positioned at the last observatioo.

GET. Positions the tape at a specified observation. If the
observation oumber specified does not exist, a message
is printed, and the tape is positioned at the first
observation.

FIND. Positions the tape at the first observation, located at
or subsequent to the current position, that has given
values for specified variables. The program first
requests the list of variables and then the list of
corresponding values. The word ALL is acceptable as a
l4ist of variables. The end of the list of variables
wust be signaled with an empty line. If no such obser-
vation is found, a message is printed and the tape

remains positioned at the last observatiom.



BACKSPACE.

REWIND.

PRINT.

HEADER.

VARNAMES .
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Positions the tape at the next observation.
Backspaces one observation. When uysed {mmediately after
a DELETE command, a backspace of two observations will
occur (see DELETE).
Positions the tape at the first observation.
Prints the observation number and the values of given
variables for the observation at vhich the tape is
currently positioned. If ALL is specified instead of
a list of variables, the values for all the variables
are printed. The end of the list of variables must
be signaled by an empty line. Lf no variables are
specified, only the Bbsewatiou number i{s printed. The
tape remains at the same position.
Deletes the observation at which the tape is positioned.
The tape remains at the same position. The aumbering of
observations is aot updated until the tape is positioned
at some observation located before the one deleted (e.g.,
wvith REWIND, or GET with a smaller observation number).
Osing BACKSPACE immediately after DELETE will cause a
backspacing of two observations, reducing the observation
count by one, so that the anumbering will be incorrect
until corrected with a REWIND command.
Used to update information in the header record-——file
identification, cassette number, and couments. The
tape is positioned at the first observation.
Changes the names of specified variables. A list of

current names for the variables involved must be specifiec
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followed by the corresponding list of aew mames. ALL
i3 acceptable as a list of current variable names. The
end of each list of variables must be signaled by an
empty line. The tape is positioned at che first observa-
tioun.

INPUT. Switches the program to input mode for adding observatioms
at the end of the file.

ADD/SUBSTITUTE. Adds new variables to the file and/or substitutes
aew values for existing variables. A list of new variables
and variables to be changed must be provided when requested.
The end of che list of variables is signaled by an eampty
line. The starting ;bserva:ion gumber must also be
gpecified. This will be 1 unless previous flaput under
this command was suspended with EXIT and continuation
from the last observation processed is desired. New
values are entered for each observation. Imput is
teruinated, and the file modification is cowpleted, when
the end of the tape or file is reached. Input may be
intertypted at any point with the EXIT key, {n which
case, ounly the substitutions entered up to this point
are incorporated in the file (the additions remain
recorded {n che tape, but these pew variables are not
considered to be part of the file). Imput can be resumed
from the point where i{nterruption occurred by running
the program again, usiang ADD/SUBSTITUIE with the same

list of variables, and starting with the appropriate
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observation aumber.
END. Terminates the program. The same effect is achieved by
presaing the EXIT key.
Command names in edit mode are recognized by the program by their
first character only. They can be abbreviated in any way so long as

their firat character is unchanged.

Additional informwationm.

The primary cassette unit is 10A unless otherwise designated by
a previously entered SELECT command.

The file identification may contain up to 16 characters. Characters
beyond the l6th are ignored. If the file identificatiom contains commas
or leading blanks, it must be enclosed in quotes (the quotes are oot
considered to be part of the identification). I[mbedded blanks are valid
characters. Coumeats can contain up to 64 characters (onme line). The
same rules mentioned above about the use of quotes are valid here and,
in general, for eantry of any alphanumeric information. The file
identification and comments are displayed by other programs using the
file.

Lists of nawes of variables can be entered one per lime, or several
per line separated by commas. (The same is true for lists of numerical
values.) Up to 28 variables can be defined. TIf more than 28 variables
are defined only the firsc 28 will be considered. ALL is a reserved
vord, and it should not be used as a variable name. When entering lists
of values corresponding to a list or variable names, values without a
corresponding name will be ignored. The maximum capacity of a single

casgsette {s 297 observations. As many cassettes as necessary cam be used
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for _storage of a given file. The program signals when the end of a
cassette is reached and provides instructions for mounting a new onme.
The anumbering of observations begins from onme in all cassettes including
those which are continuations in multi-reel files. The nuwmber of
obgervations indicated on entering edit wode includes any deleted
observations if the tape has not been compress-ed with CONUM after
deletion.

In edit mode, a statement that the tape is positioned at an
observation, actually means that the data for that observation have been
read into core, and the tape i{s positioned at the end of the obgervation
record(s). )

When using ADD/SUBSTITUTE in multi-reel files, care should be taken
to eunsure that the same modifications are made in all the cassettes imvolved.
Any command beginning with A or § ig interpreted as ADD/SUBSTITUTIE.

The file produced by NUMIN is organized as follows. The first
record contains S5 fields: file identification (16 alphanumeric characters),
cassette number, number of variables, number of obgservations in the
cassette (vith a minus gign if the file continues in another cassette),
and comments (64 alphanumeric ;haracters). The second record contains
the names of the variables in alphanumeric fields of 8 characters each.
Subsequently, each observation occupies ome record with each field
containing the value of a numeric variable. A system end of file

record follows the last observatiom.
METHODS .

Certain details concerning operation of the DELETE command may be of

interest. The procedure for deleting an observation makes use of the
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first two bytes {n the physical records which normally are used only
internally by the Wang System. The first byte is a hexadecimal 81 if
the record is the last physical record of a logical record or a hexa-
decimal 82 otherwise. The second byte is used for numbering the physical
records within the logical record.

To delete anr observation, the first byte éf the previous physical
record is changed to hexadecimal 82, and the second byte of that record
is added to the second bytes of the physical records corresponding to the
observation to be deleted (an observation may be using more than ome
pbysical record due to previous deletioans). Thus, the observation is
not really eliminated from the tape but is made inaccessible to the
programs since it becomes part of the previous logical record.

After deletion, the deleted observations are still using space on
the tape, and the number of observations recorded im the header record
is not updated since that number i{s actually the anumber of physical
records used. Program CONUM eliminates the unused space by transferring
to a new cassette oaly those physical records with a one in the second

byte, changing the first byte back to 8l if necessary. CONUM also

wndaraa rha nimhar Af aAkcarvvariane {n rha haadar rarawrd



PROGRAM ''PRONUM"

PURPOSE.

PRONUM is a flexible, general purpose proéedure for processing
data in a sumerical file. Through the imclusion of appropriate user-
supplied subroutines, PRONUM can be used to delete specified variables
and/or observations, generate additional variables and/or observations,
and transform variables. The program can also be used to concatenate

two or more numerical files.
USAGE.

Basic operating instructions.

After loading the program, push the RUN and RETURN keys and follow
the instructions subsequently displayed. Available options provide for:

1. Selection of the CRT or the printer for producing writtean output

2, Specification of whether or not cassette output is to be

produced.

In most cases cassette output 1s desired so that a new file is derived
from the original. However, some applications require only a printout
of certain quantities computed from the origimal file data. When
cassette output is requested, the output file is written in cassette
unic 10B. A pew file identification name and any desired optional
comments must be provided when requested. If additional cassettes

are meeded, appropriate mounting instructions will be displayed at the

a9
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proper time. If variables are to he added or deleted, the names of the
variables involved must be provided when requested. Variable names In
the same line should be separated by commas. The end of the list is
indicated by an empty input line.

The program provides an opportunicy ror input of a user-supplied
subroutine. (No subroutine is needed if the pfogram is being used only
for concatenating files without modification of the observations involved.)
A subroutine could also be loaded after loading the main program but
before executing it. The subroutine must be unlabeled (withour DEFFN'
statement) and must begin with statement oumber 1000. The file variables
should be referenced as elements of a vector X. Exit from the sub-
routine must be through a RETURN statemeant. Execution of the program is
resumed by pressing the "ENTER" key (special function key 0 which prints
"RON 490") and che RETURN key.

When processing of a file is completed, a message appears asking 1if
there is another file. If the answer i{s NO, program execution is termi-~
nated. If the reply is YES, the mext file 1is processed in the same way
as the previous one, and the cassette output, if any, is saved as a
cont{nuation of any previous ouéput. Through this procedure two or
zore files can be concatenated into a single new file. Files which are
being concatenated must have the same number of variables.

The program can be terminated at any time by pressing the "EXIT"
key (special function key 2). The new file is then closed in the wmormal

vay.

Additiooal inforwation.

As in NUMIN, the pew file identification is an alphanumeric field



containing 16 characters and the comments may contain up to 64 characters
Names of file variables are eight-character alphanumeric fields.

BASIC language variable designators containing 8 as the second
character (e.g., A8, B8, AB$) are reserved for the program, and ‘shou_ld
oot be altered in the user-supplied subroutine (except for D8 and B8
which are discussed below). Tape compands addressing cassette units 10A
or 10B should not be used. With these exceptions, any valid BASIC state-
ments may be used in user-supplied subroutines. For example, the use of
PRINT and INPUT statements can provide for user interaction in the
processing of individual observatioms.

In the normal sequence of processing observations, the observation
13 first loaded frcm the original file in unit 10A. The user-supplied
subroutine Is then called to operate on the vector X which contaias the
original values of the file variables togethe:: with locacions for values
of amy additional variables. On return from the subroutine, the new
values are saved in the new file in unit 10B (if the cassette output
option has been specified) with variables to be deleted excluded. This
sequence can be altered using the "delete" and/or "hold" options in the
subroutine.

Delete option. The variable D8 is sec to 0 when the user-supplied
subroutine is called. If D8 is set to 1 by the subroutine, the
aobgervation being processed will not be saved {n the new file. This
provides the user with a procedure for deleting unwanted observations
and selecting specific subsets from a file.

Hold option. The variazble H8 is set to 0 vhen the user-supplied
subroutine is called. If H8 i3 set to 1 by the subroutine, no new

aobgervation will be loaded from the old file. This Feature of the
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program can be used to generate several new observations from a single
original observation. At the next call to the subroutine, X will not
generally contain the original observation so that any values necessary
for further processing should be independently saved. It should also
be noted, that successful operation of this option requires control
through the use of counters or by user i{nteractiom.

Normal operating sequence can also be altered by using some
specified logical condition to activate the command GOSUB'2 which will
close the new file and terminate execution.

The oxrder of the variables in the new file can be determined by
first adding the new variables, in the order in which their names were
entered, after the old variables in the original order and thea substi-
tuting variables from the end of the list into positions vacated by
deleted variables according to the order in which the deleted variable

names were entered into PRONUM.



PROGRAM "SORT"
PURPOSE .

Orders the observations in a anumerical data file according to
increasing values for a given set of variables. Program capacity is
ldmited to the contents of one cassette (up to 297 observations). The

program will not sort multi-reel files.
USAGE.

Load the program, push the RUN and RETURN keys, and follow the
directions subsequently displayed.

The file to be sorted should be mounted, unprotected, in cassette
wmit 10A. The sorted f£ile is written over the original file in unic
10A. When it is necessary to retain a copy of the original file, a
duplicate of the original file should be prepared with program COPY
before SORT is used. The scratch cassette in unit 10B is needed only if
the number of observations multiplied by the aumber of variables per
observation exceeds 600 for more than two variables, 510 for two variables,
ar 255 for only ome variable.

When the list of sorting variables is entered, variable names in
the same line should be separated by commas. The end of the list is
fndicated by an empty line. The observations are ordered according to
the values of the first variable in the list, for equal values of the
first variable according to the value of the secoud variable, etc.

38
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METHOD.

At each iteration of the sorting algorithm, as mech data as posaible
i3 read from cassette unit 10A and sorted in core memory using a bubble
gort (4). The sorted data in core are then merged with the data previously
sorted and the merged file is stored on tape for subsequent merging with
the next block of newly sorted data. Cassette units 10A and 10B
alternate as storage devices for the merged data set prepared at each
iteration. Storage into unit 10A is done onto tape space freed by
previous reads. A schematic flowchart for the procedure is shown in

Pigure 4.
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Figure 4. Schematic Flowchart for Program SORT



PROGRAM "AREA"
PURPQSE.

Computes the approximate areas of all the regions in a map data
file and, optionally, incorporates these areas into the corresponding
oumerical data file as a new variable. Processing of a map data file

with AREA is a useful procedure for detecting errors in the data.
USAGE.

Load the program, push the RUN and RETURN keys, and follow che
directions subsequently displayed. Either the CRT or the printer can
e selected as the output device.

A user-supplied scale factor iIs used to convert from square inches
on the map to the desired area unit.

Areas are computed for regions with up to 99 arcs. If a region has
more than 99 ares, the area given for it by the program is imcorrect,
and a warning message is printed. Each map data file may coantain up to
200 regions. For each region, the area, number of arcs, and a "closure
check" figure are displayed. The weaning of che closure check is
explained below.

A procedure for incorporating the calculated areas into a
corresponding numerical data file is available. If this option 1is
selected, the original oumerical file {s mounted in cassette unit 104,
and the new file, in which are.:- are included, is written im unit 10B.

9
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The name of the variable that conrains the region fdentification
aumbers in the file and the variable name for the areas must be specified.
If regions exist in the numerical file that do not appear in the map,
appropriate messages are printed, and the corresponding areas are set
equal to zero.

Because of the limited resolution of the digitizer and errors
made in tracing the arcs, the polygons that delimit the regions will
not usually close exactly. A partial correction for this is made by
calculating for each region, the net horizontal closure error where the
net horizontal closure errzer is the algebraic sum of the projections of
the gaps on the x-axis (with appropriate signs). The correction that
i3 subtracted from the polygon area is the area of a column with base equal
to the net horizontal closura error and height equal to the average
y-coordinate for the end points of all the arcs for the regifon. The
net horizoatal closure error, in hundredths of an inch, is printed along
with the areas, in the column labeled "closure check”. Values much in
excess of the digitizer's resolution (2.5) indicate gross errors in
the map data. An addition check is provided by the fact that the sum
of the areas over all regions should be reasonably small. (The area of

the exterior "region" is negative, so that without errors the sum should



PROGRAM "SELECT"

PURPOSE.

Creates a list of the observations in a numerical data file that
satisfy some specified logical condition concerning the values of the
variables. When used with a numerical data file that has a corresponding
map data file, SELECT can identify the regions thac satisfy a givea
logical condition. Program SELECT2 can then be executed to produce a

map showing these regilonms.

USAGE.

Basic operating imstructioms.

Load the program, push the RUN and RETURN keys, and follow the
directions subsequently displayed. Lf a map i3 to be produced using
SELECT2, the program cassette should remain mounted in unit 10A uncil
SELECT2 has been loaded. Either the CRT or the printer can be selected
as the output device.

The name of the variable that idenctifies the observations (for
a mwap, the variable that contains the _tegion numbers) must be specified.
The'values of this variable for the observations selected will be listed.
Only the {nteger part of each value is displayed, and it should not
have more than 7 digits.

The condition under which the observations (or regions) are selected
is specified by an expressfion that may contain names of variables in the

41
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file, constants, parentheses, and arithmetie, relational and logical
operators. The available operators are:

Arithmetic: +, -, *, /, ¢+ (expormentiatiom).

Belational: <, <= (less than or equal to), =, >= (greater than or

equal to), >, < (not equal).

Logical: §AND#, JORF, #NOTH.
Parentheses and blanks may be used freely. The expression must fit in
one line, and produce a logical true or false value. The observations
for which the expression is true are selected. The order in which the
operations are performed, within the same level of parentheses, is
equivalent to that in BASIC, FORTRAN, or ordinary algebra, with one
exception: a sequence of exponentiations is evaluated from left to
right. Errors of syntax are, in most cases, detected and indicated by
the program. No more than 720 observations can be selected.

If the numerical data file being processed contains map data,
the map processing option can be specified, if desired, after the list
of selected regions is displayed. If this selection is made, program
SELECI2 is automatically loaded and executed. Otherwise, execution is
terminated.

The program can be terminated at any time by pressing "EXIT"

(special function key 2).

Addicional informaticm.

In BASIC, FORTRAN, and many other high-level computer languages,
the operators are grouped in hierarchical levels with respect to the
order of operatioms, and within each level computation is performed

from left to right (except for a sequence of expounentiaticas, where the
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order is from right to left). In this program, all the operators in the
gelection coudition have a different priority. However, the only
resulting difference likely to affect the user is in the order of a
sequence of exponentiations which will here be executed from left to
right. The order of priorities, from higher to lower, is as follows:

- (unary), t, /, %, - (binary), +, =, <>, >=, <=, >, <, INOT, ZJAND#, fORS.
Sequences of the same operator are evaluated from left to right. The
unary + i{s not a permissible operator.

The logical values, true and false are represented by 1 and O,
respectively, in evaluating the selection condition, so that variables
with values 0 or 1 could be used as arguments for the logical operators
and arithmetic operations could be performed on the results of compari-
sons or logical operations. The result of evaluating the logical condition
must always be 0 or 1. If it is aot, an error message i3 displayed.

If an error is detected when interpreting or when trying to evaluate
the selection condition, a "SYNTAX ERROR" message is displayed, and the
coadition can be reentered. In addition, if the error was found in the
interpretation step, a "A" symbol is placed under the character where
the error was detected.

The list of identification values for the observations selected is
stored in a common area in core vhere it can be used by program SELECTZ.
This list is stored by columns in the 240 x 3 alphanumeric matrix T8, with
elements of four characters each and according to format (+####§8).

Program SELECT2 should be located after SELECT in the cassette

containing the programs.
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METHOD.

Two subroutines are used to evaluate the selection condition. The
first subroutine, which is executed only once, interprets the alpha-
oumerically expressed coandition to produce a numerical vector that
tepresents the coandition in reverse Polisgsh motation. The secomd sub-
routine uses this numerical vector to evalvate the corditiom for each
observation.

The procedure used in the interpreter subroutine to produce a
Polish string is based on techniques described by Maginnis (3).
Operators can be ranked according to Increasing priority of evaluation
in a nonparenthesized expression, and comsecutive Integer values can be
associated with them for representing this hierarchy. The effect of
parentheses in an expression is to increase the hierarchy-rank values
that determine the order of evaluationm of the operators. A variable Q
is used for keeping track of the different levels of parentheses, and
i3 added to the operator ranks affected by parentheses to obtain the
augmented operator values. Q changes from one level of parentheses to
the next by an amount that caa be any number greater than the madmum
rank. In his description of the algorithm, Maginnis changes Q by 10,
since he considers only arithmetic operators, and uses two "piles" in
shich operands and operators can be stacked. The algorithm givem by
faginnis is as follows: (It is assumed that the expression being scanne«
ls delimited by dummy operators with rank zero.)

1. Set Q to 2ero. Scan left to right incrementing Q by 10 for

each left parenthesis and decrementing by 10 for each right

varenthesis. Use O and a table of operator ranks to maintafn
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a list of augmented operator values.

2. Whenever an operand is encountered, place it in pile 1.

Whenever an operator 1s emcountered, place it in pile 2. Do
not move any parentheses.

3. Whenever an encountered operator has a rank less than or equal
to the value of the operator on top of pile 2, move the operator
from pile 2 to pile 1. Continue this as long as the encountered
operator has a rank less than the new top of pile 2.

4. Terminate at the end of the scan. Pile 1, reading from bottom
up, will be the reverse Polish string.

In program SELECT, the operators are numbered from 3 to 17, in order
af increasing ranks. These numbers represent the operators in the Polish
sering, and at the same time they are used for comparing ranks in the
interpreter subroutine. Constants are represented by a aumber 1 followed
by the value, and variables by a 2 followed by the index of the variable
in the numerical file. A schematic flowchart for the interpreter sub-
routine in SELECT is shown in Figure 5. Pile P contains, on return from
the subroutine, the numerical vector representing the reverse Polish
string, wvhile pile T {s a temporary storage vector.

The subroutine that evaluates the condition for each observation
vorks as follows. Scan the Polish sgring from left to right. Start
wvith an empty pile T. Whenever a constaunt or variable is encouuntered,
place the value on top of T. Whenever an operator is encountered,
replace the two values at the top of T by the regult of performing
the operation between them. {(Take only one value if the operator is a
unary one.) At the end of the scan, the value remaining in T is the

desired result.
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PROGRAM "SELECT2"

PURPOSE.

Produces a map showing a subset of the regiouns in the source map,
and computes the approximate combined area of these regions. The

gelection of the subset is made by program SELECT or SELIST.

OSAGE.

Bagic operating instructioms.
This program is automatically loaded and executed by programs SELECT

or SELIST and uses the list of selected reglous stored {n core by one of
these programs. The output map may be displayed at the CRT and/or stored
in a cassette. [f cassette output is selected, a nawme and optional
comments for the new file must be provided. Inclusiom of intermal
boundaries (i.e., the boundaries between the regions in the selected

subset) is optionmal.

Additional informacion.

Whea the output map is stored in a cassette, the line code for the
subset external boundaries in the output file is changed to +7 if the
subset lies to the right of the arc and to ~7 {f it lies to the left.
The line codes for intermal boundaries are not changed. Line codes are
used for selecting differeunt line types when the map Is drawm by a

plotter. In the current implementation, the line code is used for

47
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5e.1gc:ing differeat pens in the CALCOMP plotter so that differeant colors
sr line thicknesses are produced (see program PLOT). [a the future, the
zapability of drawing dashed lines and other types of lipes could be
idded. The sign {n the line code produced by this program could be
sgeful for using "orfented” types of lines-——for example, a line with

‘shading” tovard the interjor of the selected subset, as showm below.

The procedure for computing the area and correcting for closure

:irrors is the same as described for program AREA.



PROGRAM '"TRANS"
PURPOSE.

In combination with program TRANS2, TRANS produces a new map
generated from a source map by changiong the region identification aumbers.
The new region numbers are computed from data in a aumerical file
corresponding to the source map by a user supplied subroutime. TRANS
first cooputes a table coantaining the old and new ideatification aumbers
and then loads and executes TRANS2 which uses the table to produce the

Dew map.

USAGE.

Basic operating ingtructions.

Load the program, press the RON and RETURN keys, and follow the
directions subsequently displayed. The cassette with the programs
should be mounted in unit 10A and must not be removed until TRANS2 has
been loaded.

Either the CRT or the printer can be used to produce written output.

The program provides an opportunity for input of a user-supplied
subroutine and provides a message at the appropriate time for eatry. A
subroutine could also be loaded after loading the main program but before
executing it. The subroutine must be unlabeled (without DEFEN' state-
went), and must begin with statement anumber 1000. The anumerical file

variables should be referenced as elemeats of a vector X. The new
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region number must be given in variable ¥ (the default is N=X(1)).
Variable O must contain the old region number (default O=X(l)). Exit
from the subroutine must be through a RETURN statement. Execution of the
program is resumed by pressing the "ENTER" key (special function key 0
which priants "RUN 280"), and the RETURN key.

Up to 400 changes of region number can be made.

When end-of-file is encountered on the input cassette, an appropriate
message is displayed and program TRANS2 is loaded and executed.

Execution can be terminated at any time by pressing "EXIT" (special

function key 2).

Additiopal informatiom.

BASIC language variable designators with 8 as the second character
(e.g., A8, BB, AB8S) are reserved for the program, and should not be
altered in the user-supplied subroutine. ‘ral;e com_mands addressing
cassette units 10A or 108 should not be used. With these exceptions,
any valid BASIC statements may be used. PRINT statements may be useful
to display the region oumber changes made by the subroutine.

The pairs O,N for each chdnge of region number are packed in format
(+#8#804883) and stored in a common area in core where they can be used
by program TRANS2. They are stored by columns in the 200 x 2 alpha-
oumeric matrix T8$ with 8 character elements. Pairs with O=N are not
considered.

Program TRANS2 should be located after TRANS in the program cassette.



PROGRAM "PROMAR"
PURPOSE.

PROMAP i{s a flexdible, general purpose précedure for processing
data in a map data file. Through the inclusion of appropriate user-
supplied subroutines, EROMAP can be used to delete arcs, generate new
arcs, or transform the existing data. The program can also be used to

concatenate two or more map files and to change line codes.
USAGE.

Basiz operating instructioms.

After loading the program, push the RUN and RETURN keys and follow
the instructions subsequently displayed. Available options provide for:

1. Selectioa of the CRT or the printer to produce writtem output.

2. Specification of whether the output map is to be displayed on

the CRT, stored on cassette tape, or both.

When cassette output is reques;:ed, the output file is written in
cassette unit 10B. A new file identification name and any desired
optional comrents must be provided when requested. If desired, a new
line code can be specified for {nclusion with all arcs of the tape
cassette output. The gew code must be a one—~ to three~-digit positive
or negative integer. The original signs of the line codes are
preserved. (If 3 negative code is specified, they are reversed.) If

the word SAME is entered in place of a new line code, the codes remain

|R



56
unchanged (unless modified by the user's subroutine).

The program provides an opportunity for imput of a user-supplied
subroutine. (No subroutine is needed if the program is being used only
for concatenating files without modification of the data involved.) A
subroutine can also be loaded after loading t:t!e main program but before
executing L1t. The subroutine must be unlabeled (without DEFEN' state-
ment) and must begin with statement number 1000. The arc information
is made available to the subroutine in packed format in an alphanumeric
variable A$ of length 16, and an alphanumeric vector B$ with 4 elements
of length 58. Variable A$ contains the following information, from left
to right: left and right region numbers (arc identification), each in
formac (+###4448); area under the arc, in square inches x 104, format
(+#384088); line code, in format (+###); number of coordinates (twice
the number of points), in format (###F). Vector B$ contains the coordi-
nates, in hundredths of am inch, in the order X yl. xz, yz. ..., and
format (#¢8#). Exit from the subroutine must be through a RETURN
statement. Execution of the program {s resumed by pressing the "ENTER"
key (special function key O, vh.ich prints "RUN 300"), and the RETURN
key.

When processing of the file is complete, a message appears asking
if tbere is another file. If the answer is NO, program executiom
terminates. If the reply is YES, the next file is processed in the
same way as the previous ome, and the cassette output, if any, is
saved as continuvation of any previous ocutput. A different lime code
can be specified. Through this procedure, two or more maps can be

combined into a single new map.



The program can be terminated at 2ny time by pressing the "EXIT"
key (special function key 2). The new file i3 then closed in the

normal way.

Additional information.

BASIC language variable desiguators containing 8 as the second
character (e.g., A8, B8, A8S) are reserved for the program, and should
oot be altered in the user's subroutine (except for D8 and H8, which
are discussed below). Tape commands addressing cassette units 10A or
10B should not be used. With these exceptions, any valid BASIC statement:
may be used in user-supplied subroutines. For axample, the use of
PRINT and INPUT statements can provide for user interaction in the
processing of ind{vidual arcs.

In the normal sequence of processing arcs the data for one arc are
loaded from the original file im unit 10A. The user supplied subroutine
1s then called to operate on A$ and BS. On return from the subroutine
the line code i3 changed (unless SAME has been specified), the new AS$
and B$ are saved in the new file in unit 10B, and/or the modified arc 1s
displayed, depending on the option selected. This sequence can be
altered using the ''delete" and/or "hold"options in the subroutine.

Delete option. The variable D8 is set to O when the subroutine
i1s called. 1If it is set to 1 by the subroutine, the arc being procesgsed
vill not be saved in the new file. This provides the user with a
procedure for deleting unwanted arcs and selecting specific subsets
from a file.

Hold option. The variable H8 is set to 0 when the subroutine is

called. If B8 is set to 1 by the subroutine, no new arc will be loaded
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from the old file. This feature of the program can be used to generate
geveral new arcs from a single original arec.

Normal operating sequence can algso be altered by using some
specified logical condition to activate the command GOSUB'2 which will
close the new file and terminate executioen.

As an example of a subroutine for use with PROMAP, the following
i{s a subroutine for changing the origia and scale of a wap.

1000 IF F=1 THEN 1500

1010 F=1: DIM Z(538,2)

1020 INPUT “NEW ORIGIN (INCHES)",X0,YO
1030 INPUT "SCALE FACTOR",S

1040 X0=100%X0: Y0=1Q0*Y0: S2=S%S
1500 UNPACK (###¢) STR(AS,15) TO N
1510 N=.5%N: MAT REDIM Z(N,2)

1520 UNPACK (#8¢4) BS() TO 2()

1530 FOR I=1 TO N

1540 z(1,1)=s*(Z(L,1)-X0)

1550 z(I,2)=s*(z(1,2)-Y0)

1560 NEXT I

1570 PACK(##d#) BS() FROM Z()

1580 UNPACK(+#44#2808) STR(AS,9,4) TO A
1590 A=S2%a+.5: IF ABS(A)<1E? THEN 1600: A=0
1600 PACK(+###0##0) STR(AS,9,4) FROM A
1610 RETURN



PROGRAM "PLOT"
PURPOSE.

éommunicates with the University of Georgia 360-370 IBM system to
prepare maps on the CALCOMP plotter. The use of this program {s con-
sidered as a temporary expedient pending acquisition of a dedicated
plotter. When this program is rum, the Wang 2200 is essentially
operating as a terminal under the Time Sharing Option (TSO) of the IBM

gystem.
USAGE.

Basic operating instructions.

Load the program, press the RUN and RETURN keys, and follow the
directions subsequently displayed. This program transmits map data
files through a telephonme line to the IBM system where they are stored
in ; previously defined data set. It also controls the execution, in
the IBM system, of a FORTRAN program which takes the map data from the
data set and produces an instruction tape for driving the CALCOMP
plotter.

To establish the connection with the IBM system, disconnect the
printer, connect input-output chanmel 019-0lD to the acoustical coupler
and establish a telephone coannection between the coupler and the IBM
system.

An appropriate TSO user ideantification code (“LOGON ID") should be
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APPENDIX 2
OQVERLAYS

Forest resource managers oftem refer to geveral waps of the same
geographic area with each map containing somewhat different Iinformatiom.
One map, for example, might delineate areas which have homogeneous
timber stand conditions while another might show areas of homogeneous
901l conditions as map regions. In such multimap situations, each
source map is referred to as a layer. A commouly used technique in
mulecimap situations is the process of overlaying whereby two layers
are superposed to form a new map in which the regions are formed as
{ntersections of the regions in the original layers. MAPS currently
contains no provision for automatic preparation of overlays. Maps can
be superposed with program PROMAP, but the combined map canmot be
further processed as such since the original arcs continue to be the
basic units and the coordinates of the intersections have not been
i{dentified. If the regions fo;med by the intersection of layers are
to be recognized in the computer, the intersections of arcs from the
various layers must be recognized at imput time so that arcs of the
couposite map are individually identified. This can be dome by entering
the already combioed map or, altermatively, by using a light table to
fiod and mark the intersections of arcs on each layer. Region identi-
fication numbers must be assigned to the regions formed by intersection

of the regions in the layers. Once a map is entered in this way, it is
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not possible to subsequently add additioeal layers.

It is not a difficulc task, conceptually, to describe a computerized
napping system that would possess an automatic overlay capabilicy.

Firsc of all, some additional hardware beyond that used by MAPS would
be desirable, since overlaying at a reasonable speed with the Wang 2200
would require a magnetic disk unit or some ocﬁer type of direct-access
pass storage device. One fundamental change that would affect the
eatire system would be a modification of the procedure for identifying
regions. In the present version map regions are ideantified by a single
number. In a revised version with overlay capability, region idencifi~
cation should probably be a vector with one element for each original
jource layer. This vector would contain the region identifiers from
the various layers used in producing a composite map.

In the system being considered, some modifications would be
required to guarantee :losure in the computer representations of
source-map polygons. With the present version of MAPS, the strings of
coordinate pairs that represent polygon boundaries usually do not
close exactly because of the limited resolution of the digitizer and
the difficulty of exactly craclng the polygon boundaries. However, the
existance of such closure errors would be an obstacle to operation of
an effective automatic overlay algorithm. The proposed procedure for
doing this 1is described beleow, and implies ordering the arcs in the boun-
dary of each region in efther a clockwise or counterclockwise direction.
This ordering is used by one of the overlay procedures subsequently
described and could also be useful In furcher processing of the maps,
since it completely defines the relative positions and the inter-

connections of all the arcs contained in the map. This structure can
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be recorded by including, with each arec, four pointers which contaia
the locationg in the file of the preceding ard following ares in clock-
wise order for che boundaries of the regions at the left ‘and at the
right of the arc. These pointers will be identified as the structural
pointers of the arc.

In preparation of a computer overlay, the following steps would be

{nvolved.

1. <Concatenate the two source-map files to form a single combined-
m3p file with the second source-file pointers revised to
reflect the new storage locations.

2. Find all intersections between arcs of the first source map
and those of the second source map. In general, each inter-
section transforms two arcs into four.

3. For each intersection found, replace the two old ares by two
of the new onmes, add the other two at the end of che file,
store the appropriate structural pointers for all four new
arcs, and revise other pointers that referred to the origimal
intersecting arcs.

4. Determine the arc identifications, or labels, for those four
arcs in the new map. Each label contains the ideatification
vectors for the regions at the left and at the right of the
corresponding arc in the combined map.

5. Establish and store new labels for each mon-intersected
original arc.

An algorithm for finding intersections and two procedures for updacing
the labels of non-intersected arcs will be subsequently described. It

should be noted that the above-described procedure could be iterated
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to produce composite maps containing any aumber of original layers.

Operational efffcieacy of the overlay procedure described above
could almost certainly be enhanced by providing "preprocessing”
calculations designed to simplify subsequent intersection tests.
Loomis (2), {n connectfon with a procedure for determiniag inclusion
of points and lines in regfons of a map, has guggested one such
procedute whereby the original arcs are subdivided into monotonic
seguents. This decomposition technique operates by breaking the arc
at points wvhich are local extremes {maxima or minima) in either their
x- or y-coordinate values so that the new arcs obtained are non-
increasing or aon-decreasing im both coordinates. {(The type of monoton-
icity need not be the same for both coordinates.) For each arc, a
rectangle is defined with sides parallel to the x and y axes and
opposite vertices at the end points of the arc. It follows from the
mopotonicicy conditions that the arc lies entirely on or within the
rectangle. Hence, two arcs can intersect only 1f their rectangles
have a non-empty intersection. A test for intersection between two
arcs can therefore be made by first checking whether the rectangles
associated with the arcs overlap (cthis is made by cowparing the
coordinates of the end points of the arcs) and applying the intrersection
algorithm only if the rectangles overlap.

An alternative to the Loomis decomposition fmvolves retaining the
original arc and finding the smallest ractangle {(with sides parallel
to the axes) that contains the arc. The rectangles so obtained can
then be used to secreen the pairs of arcs to be examined for intersections.
This alcernative has the advantage of avoiding an increase in the number

or arcs which. in turn. causes increased storaee reauirements and com—
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puting time in all the processing programs. Cn the other hand, Loomis'
decomposition simplifies the search for intersections and does mot
require updating of the rectangles after each overlay operation.
Furthermore, the Loomis decomposition i35 applied only once to each
layer. (In subsequently derived composite maps, the rectangles con-
taining the arcs will always be defimed by :hé end point of the ares.)
It is not immediately obvious which of these two altermatives would be
more efficient, but some method of reducing the uumber of pairs of arcs
to be examined in detail should improve efficiency.

It should be nmoted that most of the processing described above
makes no use of the interior points of thke arcs. It could thus be
advantageous to use a separate file for storage of the imterior poimts.
The first file would them contain, for each arc, the arc identificatiom
(region vectors), number of points, structural pointers, the end
points, the pair of points defining the arc rectang: if Loomis'
decomposition is not used), and a pointer indicating the location of
the interior points in the second file. In addition to reducing access
time, this file organization could also save storage space by permitting
the use of fixed length record; in the first file and variable length
records or sequential access in the second fille.

Some specific algorithms which could be used in a system with

automatic overlay capability are described below.

A Gap-Closing and File-Structuring Algorithm

This algorithm would close the small gaps in region boundaries
created by imput errors and, optiomally, create and store the structural

pointers which describe the basic structure of the map. The regions
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contained in the map would be processed as follows:

1. Find the smallest region number—N.¥*

2. Search the file. Copy into core the arcs in the boundary of
region N (i.e., those arcs containing N in their identification)
and their file addresses. At the same time, find N'-—the
smallest region number greater than ﬁ.

3. Find the clockwise order for the arcs of region N and close
any existing gaps (see below). Set the appropriate structural
pointers.

4. Return the modified arcs to the file.

S. If no N' was found in step 2, terminate. Othervise, set N = N'
and go to step 2.

Step 3 is performed with the arcs stored in core mewmory. (Actually,
only the end points of the arcs are used.) [t should be noted that in
the detailed description of step 3 which follows, the terms initial
point and terminal point of an arc apply io relation to a clockwise
boundary description of region N. Thus, the faitfal point is the first
point of the arc if N 13 the second number in the arc identificatiom,
and is the last point 1if N is ;he first agumber in the identification.
Analogously, the terminal point is the first or last poiont of the arc
depending on whether N is the first or the second region aumber im the
identification. The following procedure produces a clockwise sequence
of the arcs of region N and closes any gaps existing in this sequence

ag called for in step 3 above:

%[t 13 assumed here, for the sake of simplicity, thac regiomns are
identified by single numbers. I[f vector identifications are used, some

amdm—md e Vs miaam L. .8
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a. Take any arc as the first arc in the sequence.

b. If there are more arcs remaining, continmue with step c. Other-
wvise, check whether the terminal point of the last arc coin-
cides with the {nitial point of the first are. If not, close
the gap, as described {n step d, and stop.

¢. Compute the distances between the terminal point of the last
arc in the sequence and the initial points of all the arcs not
in the sequence. The arc for which this distance is a minimum
{3 added to the seque.ce.

d. If the " .itial poimt of the arc just added does not coincide
vith the terminal point of the previous arc, make tuem equal
by changing one of them. Change the point contained in the
arc with the largest region number in its ID. Go to step b.

As a distance, either the square of the Euclidean metric, (:u:i-xj)2 +
(yi-yj)z_ or the metric Ixi-le + [yi— jl could be used. The latter
should be more efficient in terms of computing time. It might also be
desirable to have a wvarning message displayed {f, at any time, the

ainimun distance exceeds some predefined tolerance value.

The Intersection Algorithm

Whenever the rectangles of two arcs overlap, a search procedure
mist be applied to establish any intersections that may occur. The
algorithm assumes that each arc is either non-increasing or non-
decreasing in its y-coordimates. This will automatically be true if
the loomis decomposition procedure {s used. Altermatively, the arcs
can be subdivided into monotonic parts (cthis can be done concurrently

with the intersection search) with each part of one arc being checked
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for intersections with each part of the other.

The algorithm proposed here is based upon the feoi.owing observatiom.
Consider two continucus curves, each of which {s either monotomically
increasing or monotonically decreasing in y and locate a point ou each
curve suc <that the y-coordinates of the two points are equal. Move
the points along the curves {m a way that maintains the equality of
their y-coordinates and cbserve the difference in x-coordinates between
the two points. Intersections between the two curves occur at, and
oaly at, those points where the difference in x changes sign.

The principle just noted would be implewented im practice by
making use of the fact that the ares are ¢omposed of points connected
by straight line segments. It is therefore possible to move along the
arcs ia discrete steps until the segments which intersect are located
and the intersection point computed. Details of the algorithm are
summarized below (with the search proceeding upward along the ares):

1. Let P be the higher of the ipnitial (bottom end) points of both
arcs. Let S be the straight line segment of the other arc
that contains the y-cc_»ord:l.nate of P. Find the sign of the
horizontal distance between P and 5. In the calculatiom of
these signs, the first eiezent of the difference must always
come from the same arc.

2. Let P' be the point in the P-arc that follows P. If P' is
lower than the upper end ¢f S, mzke P = P', Otherwise, take
as P the upper end point of S and let the segment P,P' be S.

3. Find the sign of the horizontal distance between P and S. If

it is different from the previous onme, go to step 4. If P is
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the last point of the arc, terminate. Otherwise, go to step 2.

4. Compute the intersection between S and the segment for which
P is the upper end point.

5. Repeat the entire procedure, starting again at 1 with the
points immediately above the intersec_::ion serving as the
initial points.

It should be noted that the siga of the horfzontal distance betweer

P and S can, in most cases, be determined by simply comparing P with
the end poiats of S. Ouly 1if the x-coordinate of P is between the
x-coordizates of the end points of S is it necessary to find the point
on S at the same height as P. Efficiency can also be improved by
remembering that, with Loomis’ decomposition, two arcs with Inverse
zonotonicity intersect in at most one poimt so that, in this case, the

search can be terminated as soon as an intersection is found.

Algorithms for Labeling Non-Intersected Arcs

When a map A is overlayed with a map B to form a new @ap C, the
new arc labels, that is, the u;.:dated identification vectors for the
regions to the left and right of intersecting arca, can easily be
generated from the original identificatfons of the intersecting arcs
and the configuration of the intersection. Although arcs of A that do
oot intersect with arcs of B remain uuchanged in map C, their labels
oust still be ypdated by finding the regioms of B in which they are
contained.

Oue straightforward procedure for labeling an arc of A that does
not intersect with B involves selection of any point ou the arc and

use of an algorithm for finding the region of B in which the point is



132
contained. This process would have to be carried out for every ron—
intersecting arc. An efficient algorithm for determining “ae region
that contains a given point on a map operates as follows. Counsider a
ray with origin at the given point (and parallel to the x- or y-axds,
to simplify the computatioms). Find all the arcs intersecting the ray
an odd number of times. That region appearing an odd number of times in
the ID's of these arcs is the region containing the point. Some care
is necessary for handling the case where the ray passes through end
points of arecs. The geperal form of this algorithm appears to have
been independently identified by several authors (1,6,8). (See also
Loomis (2).) It should be noted that this method does not require
use of the structural pointers.

A second method for labeling the non-intersecting arcs is based on
the observation that the label of an arc can be completed from know-
ledge of the label of any of the arcs indicated by its structural
pointers. In applying this method, the arcs generated by the inter-
sections would be labeled and the file would then be searched for unlabelec
ares. For each unlabeled are, the arcs indicated by Lts structural
pointers would be examined. I[f any of these were labeled, the arc
could be labeled. If the arecs of the map formed a counected network
(i.e., no "islands” are present), all the arcs could be labeled by
repeating this process a finite aumber of times (usually one or two).
Dummy arcs could be used to guarantee that each layer constituted a
connected network. Alternatively, the first method could be used o
label those ares that could not be labeled with the second procedure.

This second method is probably less time consuming thaan the first



133
but it requires storing the strucutral pointers and updating them in the
overlaying process. On the other hand, the structural pointers could
be ugeful for other purposes.

Although the approach and procedures described above cover the
main problems encountered in designing a map processing system with
automatic overlay capability, it is obvious that implementing such a
system would not be a trivial matter. Many decisions would be involved
in attempting to reach the proper balance between computing time,
storage requirements, system complexity, and coding efficiemcy. [t is
also possible that better algorithms could be found. Anyone attempting
{mplementation of such a system should be interested in the pertinent
literature review by Rosenfeld (7) and the references to other similar

gystems given by Massam (5).
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